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ISE, Volume 9, Number 2

NOTES FROM THE EDITOR:

Attitude researCh continues to he an area that.attracts many science
education researchers. Ten attitude studies are contained in the first
section'of this issue of ISE. One of the popular areas of attitude
research is that of attempts to change the attitudes of elementary school
teachers, both pre- and in-service, so they are more positive toward
teaching science to elementary school pupils as shown in studies by
Piper, Piper and Moore, Moare and Piper, Krockover and Jaus, Piper and
Hough, Moore, and Piper. Tamir and two different Israeli colleagues (Sever,
Silberstein) investigated pupils' attitudes toward the use of animals in
biology teaching. Fortner and Testes investigated students' attitudes
about marine education.

The sec d section of this issue contains analyses of published
reports-in an her popular research area: cognitive development and
learning. Lin and others examined correlates of formal reasoning.
Shayer and his colleagues reported on the development of seven Science
Reasoning Taeks for use in assessing the cognitive development of
individuals in groups of 20 or more. Coulter and others examined the
situation in which teachers teach algorithms for type-problems and then
convince themselves that their students have learned because the students
memorize the algorithms rather than understand the concepts. Holliday
looked at the effect of textbook study questions on comprehension in high
school biology classes.' Boulanger reviewed studies, published from
1963-1978, in which a correlation between ability and learning in science
was reported. Probably as an adjunct to this review, Boulanger and Kremer
examined studies of the 1963-1978 period in which age or grade and
developmental level were related to science learning for students in
grades 6 through 12.

iii 6

Patricia E. Blosser
Editor

Victor J..Mayer
Associate Editor
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Piper, Martha K. "The Investigation of Attitude Changes in Elementary
Preservice Teachers in a Competency-Based, Field-Oriented Science
Methods Course," Piper, M. K, and K. D. Moore, Eds. Attitudes
Toward Science: Investigations. Columbus, OH: SMEAC Information
Reference Center, 1977.

Descriptors--*Attitudes; Educational Research;:Elémentary
School Science; *Field Experience Programs; Preservice Education;
*Methods Courses; Performance Based Education; Science Education;
Teacher Education

Expanded Abstract and Analysis Prepared Especially for I.S.E. by Michael
J. Padilla, University of Georgia.

Purpose

The purpose of this study was 1) to assess attitude changes in
elementary preservice teachers toward science and,science teaching that
were attributable to a competency-based, field-oriented science methods
course; and 2) to assess attitude change of the same Students toward.
science and science teaching one year after completion of the course.

Rationale

Teachers either directly or indirectly deteriine what is to be taught in
elementary classrooms. Teacher attitudes toward science and science
teaching therefore mightlgreatly affect'the nature of 4-6 student's .

learning experiences. Since it is often a student's prelaous contacts
with science which are cited for later dislike for the subject, it
follows that courses which train teachers to teach science should have
changing attitudes as a high priority.

Research Design and Procedure

Thirty-six students were randomly selected from a population of 160
preservice elementary teachers in four sections of an elementary science
methods coures. The course stressed three major components:

1) being taught on Campus as the students were expected to teach;

2) Participating in field experiences which provide practice
teaching entire classes; and

3) Being informed of behaviors expected of them in teething
science to children.

A semantic differential instrument was used to assess attitude changes.
Students responded to twelve pairs of bipolar adjectives for each of
five protocol phrases. The phrases used in this study were:

1) Science courses in high school;

2) Science as remembered in,elementary school;



3) Science education methods courses;

4) Science in the news; and

5) . Teaching science to children.

The semantic differential was administered on four occasions: a pretest

given prior to the methods course; a second time one mohth later between

the campus and field experience phases of the conrse; a third time
following the entire course and I final time one year later. Using

Campbell and Stanley notation the design is as follows:

O X O X O . . . 0

The data for each protocol phrase were subdivided into groups called
evaluation, potency and activity. Each subset as well as the total
semantic differential score was subjected to a one-way analysis of
variance comparing pretest scores to the various posttest scores for

each of the five phrases.

Findings

When comparing preservice teachers' attitudes on the pretest to those

following the campus activities, the-luthor found significant
differences for all subsets of items and the total semantic differential

score relative to the phrase "science education methods courses"

(p.40.01). One subset of items (potency) showed significantly more
positive post campus attitudes on the phrase "teaching science to
children" (p4.10.001) and one subset of items (evaluation) proved
significantly more negative on the phrase "science in high school"

(p4C0.02).

When comparing the preservice teachers' attitudes on the pretest to
those following the entire course, the author found significant
differences for all subsets of items and the total for the phrase

"Science education methods courses." Two subsets of items (potency and

activity) as well as the total score were significant for the phrase

"Teaching science to children."

No data are reported comparing the pretest scores to the,scores obtained

one year later, although the author states, "these attitudes are still

positive." Only 23 of the original 36 subjects responded at this time.

In a final analysis the author compares male and female resPonses on the

pretest and on the posttest following the entire course. Significant

differences favoring females on the pretest were found for all subsets
of items and on the total score (p.00.03) for the phrase "Science in

high school." One subset of items (evaluation) (p.00.02) and the total

score (p40.05) were significant for the posttest, again showing females

to have more positive attitudes.

9
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Interpreta ions

Through palticipation in the specially designed methods course,
students' ttitudes toward teaching science were positively changed and

stayed cha ged over a year's time. There was a difference betWeen the

attitudes cf males and females "toward science" both before and
following tihe courses. This difference showed males wit4 a more negative

attitude. oth sexed "appear to hold-attitudes that interfere with
science teaching but these attitudes can be changed in spite of past
experiences "

AtSTRACTOR'S ANALYSIS

Measuring cburse effectiveness via attitudinal measures is an important
component of an overall course evaluation. This study attempts to
document the attitude change of a group of elementary preservice
teachers as they progressed through a special science methods Cou:se and
into their first year teaching. Many questions and some suggestions for
improved design and improved accuracy of reporting become apparent.

The most obvious difficulty is the description of the semantic
differential and how results of this measure should be interpreted. The

author did not describe the subcategories (potency, evaluation,
activity) of the instrument. What relation do they have to the protocol
phrases? What does a signficant difference in one of the subcategories
mean? Should it be interpreted in a special way? Any reader not vcry
familiar with the semantic differential needs this information in order
to make independent judgments regarding the author's data.

Also difficult to understand is the choice of the five particular
protocol phrases. What do "Science in the news" or "Science in High
School" have to do with an elementary science methods course? How do
you interpret significant differences for either phrase? Was the
semantic differential with these particular protocol phrases a valid way
of measuring preservice teachers' attitudes toward teaching science?
The author gives no answers for these questions.

Two design questions also arise. It seems reasonable that no
test-retest changes due only to familiarity with the instrument were
apparent, mainly because qf the nature of the instrument itself.
However, by administering the semantic differential as a pretest as well
as in the middle of the treatment (between campus and field-based course
components), it is quite possible that the measure became part of the
treatment. Perhaps the instrument sensitized the subjects to think
about the importance of "Teaching Science to Children" or to think about
"Science in High School." The second problem is the loss of 13 subjects
for the final test administration one year after the course ended. HoW
could this mortality have affected the results? How did nonrespondents
differ from respondents? No discussion of these important points is made.

The author used several one-way aaalyses of variance comparing different
tests results. In fact, the design involved collecting data at several
times throughout the eXperiment. Thus a repeated measures analysis of
variance might have been a more sensitive analysis for finding
differences that intfact did exist.

5
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The reporting of the results also gives cause for many questions. The

author interprets "trends" as well as significant differences. What is

a tread? If an appropriate statistical analysis shows no significant
difference within a set of data, then the author is stating that any
absolute differences might well be due to chance. When the probability'

levels are 0.09 and 0.67 for two differeut protocol phrases, are these
both interpreted as trends in the data? The author, in fact, does

report both as trends. In another place the data on tables does not
reflect the explanation of results in the text. The author states that
"attitudes toward Teaching Science to Children werg positive in all
three subsets." Table 2 shows only two of the three subsets to be
significant. Perhaps this is only a proofreading problem but it can be
very confusing to a reader. Another issue with the results is the lack
of specific data on the attitudes of the subjects one year later. The
author states that their attitudes were still positive, but no means or
significance levels are reported. Are there still significant
differences on certain protocol phrases? Which nes?

One apparent miscalculation arises from the table reporting Sex
differences on the pre and posttests. The scores for males and those
for females on the pretest should, when multiplied by the number of
subjects of each sex, added together and subsequently divided by 36,
equal the.mean score of all 3ubjects on the pretest. For example, 5
males X 44.39 + 31 females X 33.40/36 = 39.93. This does not match the
reported mean of 42.86. If, however, the same procedure is used by'the
reported means for males.and females are gwitched, the scores do match.
For example, 5 males X 33.40 + 31 females X 44.39/36 = 42.86. All of
the entries can be switched this way and in each case it results in a
correct match. Thus it appears that the author has reversed the data
for males and females. Conclusions which speak to significantly better
attitudes of females over males do not seem accurate. In fact, the
opposite appears to be true.

One conclusion appears to be stated in terms that are a bit more general
than the data support. The author states that "both men and women
apPear to hold attitudes that interfere with science teaching...." In

fact, no data were collected on this question and the author does not
refer to any criteria upon which this statement might be base4W1

Most studies have the potential for adding to the body'of existing
knowledge concerning a specific problem. Certainly, this work may be
one which has something significant to report. However, several major'
flaws in reporting leave the reader to wonder about what really occurred
during this study. The most severe problems are apparent errors in the
data tables, conflicting tables and text and lack of necessary detail in
the reported results and procedures. Because of these problems, the
reader is left to conclude that no important informationVas gained
through this piece of work. A more well-written report might have
circumvented this conclusion.

11
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Tamir, Pincfias and Efrat Sever, "Students' Attitudes Towards the Use,of Animals.
in Biology Teaching," The American Biology Teacher, 42(2):100-103,
February, 1980.

.Descriptors--*Animal Sdience; *Biology; Biological Sciences; .
Educational Research; Science Education; *Secondary Education; .

Secondary School Scieftce; *Student Activities;. *Student Attitudes

,

Expanded abstract and analysis prepared especially'for I.S.E. by Paul Joslin,
Drake University.

Purpose

The.study bad'two main purposes:'

1. To examine opinions and attitudes of students towards various aspects
of using living animals in studYing biology; and

2. To identify variables that affect student opinions.

Na hypotheses of the cause-effect type were tested. The following observational
level hypotheses were examined:

1. Students prefer studying animals to studying plants and
microorganisms.

2. Use of animal investigations develops attitudes: some positive,
some negative.

Rationale

It is generally assumed that the study of biology for students in grades seven
through ten should include the studysof plants, animals, and microorganisms.
Most text books treat all three, and most programs include observations and
investigations with all three. However, there is evidence that students
prefer to study animals. Study may mean "read about" or it may mean "observe
and investigate." With respect to the latter definition, teachers apparently
prefer to use plants. Studies with the Biological Sciences Curriculum Study
materials indicate that student motivation drops while studying plants and
picks up when returning to the study of animals.

If there are widely-held 'preferences by students and teachers, and if these
affect student. motivation,,achivement, and attitudes towards experimentation,
these should be identified and considend in the design of curriculum and
instruction.

Research Design and Procedure

This investigation as based on one questionnaire of three
June, 1978, to 126 ytudents in three schools in Jerusalem,
one.religious-academic (N = 18), and one occupational (N =
distributions as follows: 7,1f(N = 39), 9 (N = 17), 10 (N

parts given in
one secular (N = 75),
33), with grade
= 70).

Part A of the questionnaire contained 10 statements to which the subjects
responded on a 5-point scale from value 1 = "don't agree", to value 5 = "fully
agree." Item 1, "I like to study biology."



Part 8,contained three multiple-choice items. The first item was a list of
animals and students were asked to indicate which they would use in experiments
inVolving irreversible damage. Animals were common and familiar ones from the
fnllowing groups: Invertebrates, Amphibians and Reptiles, Birds and Mammals.

The second item described a simple investigation in which the compensatory
movements of fish are observed after removal of fins. Students were asked
their attitudes concerning several operational options.

The third item posed an experiment involving removal of an organ from one
mouse and its implantation in another mouse. Students responded to questions
eliciting their attitudes towards actually performing the experiment.

Part C asked students to respond to the following open-ended questions:
"1. What do you think about the use of living animals in experiments and
dissection in research institutions? and 2. What do you think about the use
of living animals in the experiments and dissections while learning biology in
school?"

Questionnaire results were tabulated and displayed with calculations of averages,
percentages, standard deviations and F-ratios.

Analyses included conclusions of statistical significance, and other conclusions
of interest, and'inferred reasons for both.

Sample size and population distkibution were atceptable for the conclusions
reporte& Techniques of analysis were appropriate and adequate.

Previous research reports were used and, while the investigation was not tightly
structured, the conclusions are sound and can form the bases for further
research.

Findings

Primary Findings

The investigators reported the following general findings:

1. Most students clearly favor use of live animals as part of their schoo
studies. They. view such experiences with animals as increasing both,
motivation and efficienr:, in learning and retention.

2: As personal feelings and empathy diminish, logical
increasing role in decisions regarding experiments

3. Students have a high level of personal involvement
aspects related to the use of live animals in schoo

considerations play an
with animals. /

regarding different
1.

Secondary Findings

1. Occupational school students are less interested in biology than are
students in academic schools.

2. Practically all academic school students are interested An studying
biology.

8
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Students disagree with the statement, "The study of plants is more
interesting than the study-of-animals."

Seventh and eighth grade students find experiments with aniMals less
important than do older students.

\

5. With respect to taxonomiCIkoups, students:

Agree to use experiments involVing irreversible damage to invertebrates.
Prefer not to use animals in th'e-hird and mammal groups and emphatically
reject sacrificing pets end.farm animals.

Conclusions

The investigators reached the following conclusions:

1. Animals should be used in school but teachers should be aware of, and
sensitive to, both positive and negative aspects of experiences with live
animals.

2. Use of questionnaires, such asthe one used in this study, may serve as a
basis for class discussion of important issues related to the use of live
animals by students. '

Interpretations

From the findings and conclusions reported by the investigators, the following
inferences seem reasonable and appropriate:

1. While biology teachers may prefer use of plants to animals in observations '
and investigations, animals should be used because of the higher motivation
,to be expected and because positive attituces may also result.

2. When animals are used, teachers must be aware of, and sensitive to, the
attitudes of the students towards the use of animals in investigations
especially when irreversible damage is likely.

ABSTRACTOR'S ANALYSIS

The inter-play between student attitudes and motivation, and the effect of
these upon achievement, however defined, whether in terms of knowledge, skills
and/or attitudes, is of great interest to teachers and curriculum writers. Of
current concern is the high percentage of students who appear to be "turned
off" from the study of science and only take required science courses in
grades 7-12. Thus, any studies that can reveal and validate possible ways to
improve student motivation in science education are desperately needed.

This study focused on students likes and preferences (defined as attitudes)
with respect to the use of animals as objects of study, observation,
investigation, and in experiments subjecting animals to harm, and possibly
irrevers.-!ble damage. It revealed that individual students have a high level
of personal involvement regarding different aspects related to the use of live
animalS- in school. This finding coupled with the other findings regarding
general effects on motivation from the study of plants and animals indicates
that studies should be continued in the area.

J.
9
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If'the typical high school biology 6urse is the last formal science course
taken by most students, then it is crucial that teaching in this-course be
highly effective. Certainly, the lasting effects, if,any, on attitudes towards
'science generally, and specifically towards biologically based research in
agriculture and medicine ought to be sought. This investigation opens up some

avenues of research in those directions.

There are also the possible effects of the findings of this investigation on
the whole science education program in grades 1-12 but especially in grades
6-12. For example, are the attitudes revealed in this study stable across
grade levels? And, whether stable or changing, what inferences may be drawn
regarding content and sequence of biological sciences in these grades?

A previous study by Tamir and Jungwirth reported a negative correlation
between achievement and attitude in studying biology and zoology. That is,
students achieved higher in biology but liked it less and achieved lowest in
zoology and liked it more. Clearly this is a problem that ought to interest
some science educator just to know what's going on, aside from its possible
implications for program development and teaching.

For students of child development and its relationship to science education.
there is the question of the source or cause of the higher interest in animals.
What part, if any, may be due to:

Keeping of pets and attendant learning about animals?
Children's stories about animals?
Lack of children's stories about plants?
The motions of animals which make them appear more live and evidences
for death more striking?

In this same study, Tamir and Jungwirth found that both students and teachers
found botany material boring in 7th and 8th grade courses. Why should this be
so? What can be done to make botany more interesting to study, given that
teachers, for whatever reasons, prefer to use plants for investigations?

Beyond these questions, a major question still remains. Given the need,
especially in the junior high grades, to teach essential knowledge, skills,
and attitudes, and to do so effectively, what balance, what possible sequences
in the use of plants, animals and microorganisms will result in optimal
learning? If students prefer studying animals, which particular ones should
be used as determined from the needs of teachers, students and the curriculum?

P

Overall, results of this study as reported appear valid, reliable, and
appropriate, make a contribution to the field, and generate questions for
further needed research.

15
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Piper, Martha K. and Kenneth D. Moore. "The Effect of a Physics Course
for Elementary Teachers on Attitudes Toward Science-of Preservice
Elementary_Teachers," -in Piper, M. and-K, Moore CEdi-.-). Attitudes
Toward Science: Investigations,. _61-ii-mbus, OH: SMEAC-Informati-on

Reference Center, Ohio State University, 1977.'
Descriptors--*Attitudesi-College-Science; Educational '

Research; *FieLl Experience Programs; Higher Education;
Physical Science; Preservice Education; Science Education;
Teacher Education

Expanded Abstract and Analysis Prepared Especially for I.S.E. by Warren
J. Safter and James R. Okey, University of Georgia.

Purpose

The purpose of the study by Piper and Moore was to assess science
attitudes of perservice teachers who .had taken-a competency-based,
field-oriented methods course. \in addition, attitudinal differences
were investigated between two subsets of the preservice teachers: those
that had taken the course,.Physics for the Elementary Teacher, and those
who had not. It was hoped-thät the results of-thisinvestigation.would
have implications concerning stience teacher education programs.

The researchers recognize the concern for teachers' attitudes toward
science as addressed by the Commission on Science Education of the
American Association for the Advancement of Science and the improvement
of these attitudes. They also consider the effects on attitudes toward
science and science courses especially developed for preservice
elementary teachers.

Research Design and Procedure

The researchers developed a 26-item Likert-type science attitude scale
and mailed it to 160 elementary student teachers graduating in the
spring of 1975 from the University of Houston. Of the 99 usable forms
that were received, 30 were randomly selected and, with Hoyt's analysis
of variance and alactor analysis, used to estimate the reliability and
validity of the scale. The responses of the remaining 69 students on
each item of the scale were tabulated as well as a total mean for the
instrument. Item and grand means were also computed the two subsets of
students in the investigation (those students who had and had not taken
the physics course). One-way analyses of variance were conducted to
test for significant differences between these two group means.

A one-shot case study (Campbell and Stanley, 1966) pre-experimental
design was used for the first portion of the study that looked at
attitudes of all participating students. A static group comparison was
used for the second portion of the study to compare the students who had
enrolled in a physics class with those who had not. The results were



analyzed on the basis of mean responses to individual items as well as
groups Df items with a common focus.

Findings

According to the researchers, the findings are as follows:

1. The competency-based, field-oriented science methods course
resulted in a favorable attitude toward science teaching and
instilled a desire to teach science through science activities
rather than through the utilization of a science textbook.

2. Since the Means on items relating to their cooperating teacher's
teaching of science fell mid-fan-ge, the preservice-teachers-
developed (protective feelings" toward their cooperating teachers.

3. Since the means on items relating to preference among the various
methods 'courses they encountered were mid-range, the preservice
teachers "Could not decide which of theif methods courses they like
best."

4. On comparison of the physics and nonphysics groups, only three
items proved significant and the physics group showed more positive
attitudes on all three.

5. On comparison oi the two groups on items relating to the teaching
of science, the physics group "had a more favorable att*tude towaid
activity, hands-on science teaching," and also believedthat
"elementary children should learn scientific facts in school."

Interpretations

The researchers interpret their findings to imply that attitudes of
student teachers toward science can be enhanced by involving them with
direct, hands-on science teaching experiences and that methods courses
should utilize this approach. They also feel that the-evidence
indicates preservice teachers believe that "scientific facts are
important in teaching science to children" and that science courses
specifically designed for preservice teachers can improve their attitude
toward science.

ABSTRACTORS' ANALYSIS

There are a number of points about this paper that warrant discussion.
Four headings are used below to cluster the discussion points.

Design Considerations. The authors use a one-shot case study and a
static group comparison (Campbell and Stanley, 1966) in their study.
The situation allows no other choice of design. However, the authors
need to exercise appropriate cautions in interpreting data when such
designs are used. No data are given about the students who enroll in
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the physics class. They respond differently to some of the items on the
instrument and we need to decide whether this is because they completed
the physics course or for some other reaion. -If a-physics course
appeals to certain students it may be that their attitudes are.different
from their peers before taking the course.

Use of a one-group study with a treatment and posttest (one-shot case
study) does not allow cause and effect determination-S. The conclusions
by the authors that the competency-based, fia-d-centered course ,

resulted in" certain attitude& is-§uspect,because the favorable
attitudes'could have been caUsed by other factors or held by the
students prior to their participation.

Instrumentation. A total of 99-usable responses from 160 mailed out -'
contain the data to be analyzed. Thus a substantial portion of the
persons who were enrolled in the-methods course are not accounted for.
Who are they? Were the persons most favorable the ones likely t6
respond? The authors should_provide some evidence_to_show that their
respondents are not a biased sample of all student§ inrthe program.

A factor analysis was apparently done with only 30 of the response forms
as a check on the validity of the instrument. Most factor analysis
texts recommend a much higher number of subjects for analyzing an
instrument of this length.

Why are only 69 of the 99 usable returns inclided in the data analysis?
Usually data are tompiled from all available responses. In this case
the degrees of freedom are reduced for analyzing all the item responses
because only a portion of the available responses are included.

The title of the instrument (Piper Attitude Toward Science Scale) and
the title of the article both provide the reader with the expectation
that attitudes toward science are being examined. Analysis of the 26
instrument items, however, revealS few items (perhaps only one) that
deal with attitudes toward science. Instead, the instrument seems to
focus on attitudes toward science methods instruction and science
teaching.

Several of the 26 items on the scale relate to neither attitudes toward
science nor science teaching. Four items deal with feelings toward
other methods classes (math, reading, language arts, and social studies)
and five others deal with the student teachers' percePtions of the
cooperating teacher. Thus 9 of the 26 items on the attitude assessment
instrument appear to either not assess attitudes or to assess attitudes
other than those'related to science or science teaching.

c>

Treatment of Data. Several of the interpretations of the data made by
the authors can be questioned. Attributing causal relationships in a
one-group study has been dealt with previously. A second possible
misinterpretation involves the responses to the five items about how
often the cooperating teacher teaches science and the five items about
the degree to which the student teachers liked each of the five methods
courses they completed. The authors note for each cluster of responses
that the item means cluster around 2.5 which is the midpoint on the 1 to
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4 scale. From this they conclude that the student teachers are
protective of their cooperating teachers and could not decide which of
their methods courses they like best.

.

Another interpretation of the data seems as likely. If one respondent
iates a set of four items 4-3-2-1 and a second respondent rates them
1-2-3-4, the means will come out_right at the middle of the scale. But

neither person could be said to have been unable to make up,his or her
mind. If dispersion statistics as well as mean scores had been given it
would be possible to tell which is the better interpretation.

The authors state that the response to the item--I would need expensive
materials to teach science--by the no-physics students is surprising
because they feel the need for expensive materials. The no-physics
group does score significantly higher than the physics class but their
mean response is 1.7 on the 4-point scale. This means that they
selected a response (on the average) between "strongly disagree" and
"disagree" and therefore doesn't show that they favor use of expensive
materials.

A misinterpretation of the response to the item--Elementary children
should learn scientific facts in school--is similar to the one just
discussed. The authors conclude that the physics group was introduced
to more scientific facts than the no-physics group and therefore placed
more emphasis on facts in teaching science. There are several problems
sath this conclusion. First, the two groups did not-have significantly
different responses to the item. Second, the mean responses were 2.69
and 2.87 for the no-physics and physics group, respectively, on the item
which means that they chose, on the average, a response between "disagree"
and "agree." Third, it seems unlikely that the no-physics group had no
science courses in their training. If physics instruction was thought
to influence.the one group wouldn't the science courses taken by the
other group have influenced them?

Findings and Conclusions. The authors summarize by saying that student
teachers' "attitudes toward science can be enhanced" by involving them
in hands-on science teaching, The evidence for this is not presented in
the paper. The designs used don't allow causal conclusions to be drawn
and the attitudes assessed are much more concerned with science teaching
than with science.
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Moore, K. D.'and 11. -K. PiP-Er. ."FWCtOrd Underlying Student Teachers'

Attitudes Toward Science in a Preservice Elementary program,"
Piper, M. and K. Moore, Eds. Attitudes"Toward Science:, Investi-
gations. Columbus, OH: SMEAC Informatigin Reférence.Center, 1977.

Descriptors--*Attitudes; Educational Research; Eletentary
School Science; Field Experience Programs; *Preservice
Education; *Science Activities; Science Education; Teacher
Education

Expanded Abstract and Analysis Prepared Especially for I.S.E. by Kenneth
G. Tobin, University of Georgia (on leave from the Mount Lawley College,
Perth, Western Australia).

Purpose

The purpose stated by the authors was to identify factors underlying
student teacher attitudes towaids activity, hands-on science teaching.

Rationale

The underlying rationale is that scienc:: methods and science courses are
not the only factors that affect ilseservice elementary teachers'
attitudes toward science.

Research Design and Procedure

Ninety-nine preservice elementary education majors who had participated
in a field-oriented science methods course responded to the Piper
Attitude Toward Science Scale (PATSS). Responses for each of the 26
items were weighted on a 1 thsough 4 scale. Strongly Disagree was
assigned one point and Strongly Agree was assigned four. 1

A principal componente analysis followed-by varimax rotation was used to
identify components underlying the item responses.

Findings

Five interpretable factors were identified which accounted for 50
percent of the total PATSS variance. The first factor, which accounted
for 20.1 percent of the variance, was concerned with liking and teaching
science activities.

A second factor was related to the amount of science taught by ,the
student teacher's cooperating teacher and the cooperating teacher's
satisfaction with science teaching. The third factor pertained to the
student teacher's past- feeling towards science and science teaching.
The fourth factor was concernedl with activity experiences received in
language arts and social studies methods. The final factor was
concerned with mathematics activities.
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Interpretations

The authors concluded that hands-on science teaching was related to the
five lactors identified in the analysis. They advocated that
researchers direct attention to the provision of improved science
experiences 'Ruing student teaching and improved experiences in lanf4uage
arts, soLlal audies and mathematics. The authors hypothesized that
educators might do more to improve attitudes towards hands-on science
teaching by directing attention towards areas other than science cethods
and science content courses for elementary teachers.

ABSTRACTOR'S ANALYSIS

Generalization was limited by the sample used in the stddy and the
validity of PATSS. The authors provide few details on the sample which
was claimed to be representative of preservice elementary teachers.
Indeed it can be inferred that the sample is the same as that described
more fully in an earlier investigation reported in the monographs
(Piper and Moore, 1977). If this is the case, the sample may not be
typical of preservice elementary teachers because only 61.9 percent of a
polled sample returned usable data.

Information was not provided on the validity and reliability of PATSS,
and the reader is,referred to an earlier investigation reported in the
monograph (Piper and Moore, 1977). If this is the case, the sample may
not be typical of pre-service elementary teachers because only 61.9
percent of a polled sample returned usable data.

Information was not provided on the validity and reliability of PATSS,
_and the reader is referred to an earlier investigation reported in the
monograph (Piper and-Moore, 1977) to obtain necessary data. The high
reliability of PATSS (intraclass coeffitient = 0.9)_proyided an
indication of the dependability of the measure to differentiate stUdent
performance. Although validity was mentioned, no evidence was provided
to support the validity of PATSS data.

No rationale was provided for the use of principal components analysis
in this investigation. Although a sample of 99 students is satisfactory
for a principal compnents analysis, a larger sample is needed if
confidence is to be placed in the stability of the solution obtained in
this study.

A major problem encountered in wiewing this investigation was that the
procedures used in data anlysis were inadequately described and very
little data were actually reported. For example, the criteria used to
determine the number of factors that comprised the final,solution are
not given. In an analysis of this-type the reader is entitled to know:
(1) whether the Kaiser-criterion (Kaiser, 1960) or a scree test
(Cattrell,-1966) was used to decide on the initial nine-factor solution;

-,(2) the criteria used to determine that five factors represented the
hest solution; arm (3) whether the data were reanalyzed when it was
decided to select a five-factor solution in preference to a nine7factot
solution.
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The greatest problems arose from the'lack bf data included in the
report. The only data, table contains factor, loadings on seven items on
the first factor. To gain an insightinto the nature of the five
factors, or to judge the adequacy of the.conclusions, it is necessary to
know the loadings for each itein On,each fadtoe.

Examination of the 26,PTSS items inditated that 22 were concerned with
attitudes io science or science teaching. One item was provided for
mathematics, reading, language aria And social studies methods,
re4pectively. Since there was only one mathematitt item included on
PATSS (X liked matb best of, my methods courses), it is diffiCuli to
understand how a factor could be termed Mathematics Activities. No
evidence was provided to support the authors' conclution that
mathematics experiences have a detrimental effect on teaching hands_7on
science.

At the intuitive level it can be agreed that many factors are likely to
affect student teacher attitudes to .rds activit7, hands-on science
teaching. The results of this investigation have not contributed a
great deal to indentification or clarification of those factors.
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Expanded Abstract and Analysis Prepared Especially for I.S.E. by Kenneth
S. Ricker, University of Georgia.

Purpose

The investigators in4cated that they sought to deterniine "if there were
differences in elementary teachers' attitudes toward 1) working with and
understanding secondary teachers, 2) teaching at various grade levels,
3) workload and 4) team teaching." The investigation went beliond the
stated purpose as indicated by the title of the article. The
investigators compared the attitudes of elementari teachers who
participated in two different NSF Instructional Improvement
Implementation Programs.

Rationale

A lack of research in science education on the communication between
teachers was indicated. For this study the researchers assumed that a
training program in which elementary and secondary teachers worked
together would improve the communication between these two groups, would
j.ncrease the perception of elementary and secondary teachers' problems,
ind enhance the development of K-12 science curricula.

Resea&h,Design and Procedure
-

A pre;-experimnntal design that uses a static group comparipomwas
utilized. A summer NSF Implementation Project, having 27 elementary
teachers, served as the control group. A NSF IMplementation Project
conducted in a different summer, having 26 elementary and 20 secondary
science teachers, served as the experimental group. In the experimental
group an elementary and a secondary teacher were teamed together to
teach h group of ten elementary pupils for one week. New teams were'
formed each week for three weeks. In the control group small groups of' -
elementary pupils were taught by teais composed of only elementary
teachers. At the end of each four-week summer program the Science
Teacher Opinion Scale (STOS) was administered to.the,teachers. The .

STOS, developed by the investigators, is a 15-statement opinionnaire.
The content validity vas established,by a panel df four science
educators. A Pearson product-moment coefficient of r = 0.85 was
obtained, using a test-retest method. Fifty-four elementary and 15
secondary teachers who were not project participants Wereused to
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establish the reliability. Only the STOS scores of the elementary

teachers were used in the data analysis. A one-way analysis of variance

with two treatment levels was used.

Findings

There were significant differences between the mean scores for the two
groups of elementary teachers on six statements. On three statements

the teachers in the experimental group disagreed more strongly:
1) Since many elementary teachers are responsible for all subjects, they

should be paid more than secondary science teachers, 2) Secondtry
science teachers have fewer discipline problems than eledentary
teachers, and 3) Elementarg teachers work harder than secondary science
teachers. On the other three statements, the experimental, teachers
disagreed ltss strongly: 1) A secondary science teacher .could teach
effectively in an elementary science classroom,. 2) I.would enjoy team--
teaching with a scondary.science.teacher, and 3). Realthy_commudiCaticin

between elementary and secondary science_teachers-Timan impossibility.
It should. be noted that the mean-scot-ES-for both teacher groups on these

six statements_were-all-bilow 4.0 on a Likert-type scale consisting of

five_categorles. A score of oue was strongly disagree and a score of

five was strongly agree. The scores for these six statementS fell
within the categories of undecided, disagree and strongly disagree.

While it was not indicated in the text, the table shows that the,mean

scores were in the agree categories for only one statement: I would

enjoy team teaching with a secondary science teacher. The mean score

for both groups of teachers was above 4.0 for this statement.

Interpretations
_-

The investigators suggest_a training program which involves the mixing

of elementary-andsealdary teachers can favorably influence the

attitudes of elementary teachers toward the working conditions and
teaching abilities of secondary teachers. Instructional programs that

involve both levels of teachers may be a viable way to encourage
interaction and communication between elementary ahd secondary science,

teachers. ,The improvement of intergrade level communication may enhance

the development and implementation of articulated K-12 science

curricula.

ABSTRACTOR'S ANALYSIS

Communication between.intergrade level teachers is important in an

educational setting. Effective communication is a two-way process.

This study examineebne part of the process-, that is the attitudes of

elementary teachers,toward the secondary science teachers. What about

the attitudes of secondary science teachers toward elementary teachers

and the elementary grades? Would intergrade training programs affect
the attitudes of secondary teachers in a way that would also enhance

communication? Is there a difference 91 the opinions of elemlntary and

secondary teachers?
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The elementary teachers in this study disageeed with the statement: The
open classroom concept is not workable at the secondary schcol level.
Would secondary science teachers also disagree with this statement,
regardless if they participated in a training program that mixed
elementary and secondary teachers?

Only elementary teachers who participated in NSF projects were used in
the study. Are these teachers representative of the total population of
elementary teachers? How does one define an elementary teacher? Some
elementary teachers teach only science.whereas other elementary teachers
teach all subjects in a self,contained classroom. Are the opinions of a
first grade teacher in a self-contined classroom toward a secondary
school sciende teacher the same as a fifth grade teacher who teaches
only science in the,elementary schools? One might also ask waat are the
attitudes of this first grade teacher towards the fifth grade teacher,
and vice versa.

If the attitudes of teachers are favorably influenced as a result of a
four-week training program, what happens when the teachers return to
their respective classrooms? Would the difference in the opinions of
the two groups of teachers used in this study exist after one year?

A discussion on the development of the STOS opinionnaire was warranted.
How were the 15 statements identified? What criteria were used'to
select these statements and not others? The fact that only two of the
3(1 mean scores were in the agree category should have been discussed.

Egecting the process of communication between teachers as . means of
helping :Ichools have a K-12 articulated science curriculum represents a
large and complicated domain of research. There are a multitude of
factors which need to be identified, defined, isolated, and examined in
a variety of settings to allow the results to be generalized to the
total population. This 3tudy represents an initial attempt to examine a
factor that may influence the process of communicaton between teachers.
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' Piper, Marpa K. and Linda Hough. "Attitude Changesnf Classroom
Teachers Cooperating with the Field Component of an Elementayy Science .

Methods Course." In Piper,-M. and K. Moore (Eds.), °

Attitudes TOward Sci.n .: Investigations. Columbus, OH: SMEAC
Informationleferenc.d denter, 1977.

Descriptors--*Attitudes; *Cooperating Teachers; Educational
Research; Elementary School Sciencb; Inservice Education;
Preservice Educations Science Attivities; *Science Education;
Teacher Education

Expanded Abstract aud Analysis Prepared Especially for I.S.E. by Joseph
P. Riley, University Of Georgia.

Purpose

The authors' stated purpose Was to explore-Oanges of teacher'S'
attitudes toward teaching science by having Olemobserve science
activities taught in their classrooms by preservite\qementary teachers .

enrolled in a 'science methods course.

Nk-N

Rationale

Inservice programs have been successful in improving teacher attitudes
toward science and science teaching. However, little research has been
done to eiplore other ways Of-improving these attitudes.

Research Design and Procedure

The attitudes toward science and science teaching of 13 classroom,
teachers were tested before and after a six-week period. During this'
time the teachers 'co2perated with 36 elementary science methods students
who taught activity hands7on science lessons ili'tlieir'classrooms°as part
of a field experience.

Using Campbell and Stanley notation (1971), the design of this study may
be represented as One-Group Pretest-Posttest Design.

O X O

Attitudei were measured using a semantic differential. A 12-bipolar set,
of adjectives with a seven-step scale was used to determine perceptions
of five protocol phrases. No information was provided on the validity
or reliability of the instrument.

One-way analysis of variance was used toF'analyze (1) the total responses
toward each protocol phrase and (2) the total responses toward each
protoc.J1 phrase when grouped into the subsets evaluation, potency and
activity.



Findings

Significant changes in responses were reported in a negative direction
for the protocol phrase, "Science in High School" on the subset activity
and in a positive direction toward the phrase "Teaching Science to
Children" for the subsets potency and activity.

Interpretations

'The authors conclude that classroom teachers' attitudes toward science
are more positive following activities taught in their classrooms by
preservice teachers. Other comments included under conclusions were:

1) Coordinated efforts between school districts and universities
need a greater emphasis in activIties rather than inservice
workshops to improve science teaching.

2) Preservice teachers need more opportunities to try out science
activities in classrooms.

3) Inservice teachers need wore opportunities to observe new
teaching strategies and activities.

ABSTRACTOR'S ANAUSIS

The problem addressed in this study is one deserving of attention.
Evaluation of field-basee programs frequently overlook possible spinoff
effects such as the programs' influence on the cooperating teachers.
However, due to serious weaknesses in this study's design, the research
question remains unanswered. The One-Gtoup Pretest-Posttest design
employed in this investigation is susceptible to at least five, and
possibly six, of the eight threats to internal validity identified by .

Campbell and Stanley (1971). Chief among these threats are history and
testing. History as a validity threat refersto the possible occurrence
of many other events in addition to the researcher's 'treatment," that
offer plausible rival hypotheses explaining the pre to posttest
differences. In this study anything science-related, that occurred
within the six weeks, could be argued as a factor influencing the
,teach!rs' attitudes. Testing itself is a threat to the validity of this
studY. Pretest sensitization of the teachers may have affected their
response on ti. . posttest. This is especially true of attitude measures.

The natural setting of this study placed some obvious limits on the
number of experimental designs available to the researchers. Small
populations, little or no'control of the scheduling of teachers to
treatments, and inability to randomize treatment exposures are some
examples of the difficulties with conducting research in the schools.
The Choice often appears to be either the use of an innappropriate
design or nothing at all. The application of an inappropriate
experimental design,because it is the "only one available" does not
reduce its inappropriateness. There are other alternatives. A variety
of quasi experimental designs are aiailable to researchers who find that



it is not feasible to implement a true experimental design. The use of

a quasi-experimental design in this study could have controlled the more

serious threats to internal validity and allowed some confidence in
accepting the findings.

The report itself does little to increase confidence in the findings or
conclusions. The reporting of a significant change in a negative
direction toward science in high school for the subset activity is
contradicted by the results in the table. In fact, the table indicates
just the opposite: a significant change in a positive direction. Other

problems concerned with the reporting of the study are: lack of an

interpretation of the meaning of the observed changes, reporting of
implications as conclusions, and omission of a refexence in the biblio-
graphy.

The principal limitation inherent in the use of the semantic'
differentialjs interpretation. By choosing not to interpret the data,
the authors have failed to identify either the theoretical or
utilitarian meaning of the differences they observed.

The authors draw a conclusion regarding teachers' attitudes,toward
science rather than toward the teaching of science which is,the indepen-
dent variable identified in their statement of the problem. 4he study's
other conclu;ions are unrelated to the investigation. For examplel-no
data were collected on preservice teachers, yet one conclusion is that
they need more opportunities to work in classrooms. Findings should be
meticulously, extracted from the data analysis. Conclusions should then
be drawn ae to whether these findings support or reject the research
hypothesis. Conclusions should not be confused with findings,
implications, truths or trivia (Raths, 1967).

The authors have identified a hypothesis worth pursuing. The
substantive and stylistic problems addressed in this analysis prevent
this investigation from acting as other than a pilot study. This study

suggests, rather than supports, the hypothesis that preservice teachers
influence their cooperating teachers' attitudes.
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Differences; *Student Attitudes; Zoology

Expanded abstract and analysis prepared especially for I.S.E. by Constance M.
Perry, University of Maine at Orono.

Purpose

The investigators' purpose was to identify factors which affect students'
attitudes toward the use of animals in research and in learning biology. The
investigators did not state specific hypothesis or research questions but
listed the following as the specifics they studied.

(1) examined the attitudes of students toward the use of animals in
research as compared with their use in school;

(2) studied the extent to which cognitive and affective zonsiderations
as well as value judgments underlie students' attitudes toward the
use of living anim4ls in learning biology;

'-(3) examined the attitudes of students to different kind's of animals-as
objects for,experimentation;

(4) identified factors which influence attitudes of students to the use
of different kinds of animals in experiments;

(5) examined the factors which affect students' decisions as related to
the performance of particular experiments which cause some damage to
the experimental animals;

(6) examined differences in attitudes by grade level;
(7) examined attitude differences between boys and girls.

Rationale

The research was based on the underlying assumptions that direct observations
and experiments with living organisms are congruent with the general effort to
use primary sources in learning a discipline (Blum and Silberstein, 1979;
Orlans, 1968; Orlans, 1972) and that there is no clear cut answer to the
question: What are the effects of using living animals in the classroom with
respect to students' attitudes toward life, living animals, and biology?
The study was an outgrowth from two previous studies (Tamir and Sever, 1980;
Tamir and Hamo, 1980) in which it was found that most students were interested
in studying live animals, most students believed'direct observations and
experiments were superior to learning from secondary sour:es, and most students
showed concern for and affection toward living organisms, especially higher
animals.

Research Desisn and Procedures

Sample: The sample consisted of 577 students from four grade levels
as follows: 5th grade (one class, N=25) 7th grade (nine classes,
N=269) 9th grade (four classes, N=109), and llth grade (six classes,
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N=174). Seven schools, in the central part of Israel, were involved
and the school selection was done on the basis of convenience.
Except for the fifth grade, which was made up of talented students,
the classes were hoterogeneous with regard to ability. The
information about sex of students was available for only 348 students,
180 boys and 168 girls.

Instruments: All students involved in the study completed a four-part
, questionnaire.

Part A consisted of 30 statoments to which the subjects responded on a
5-point scale in which 1 = don't agree and 5 = fully agree. The first
six statements were from Tamir and Sever (1980), and.another 14 statements
were identical to those used by Tamir and Hamo (1980). The remaining 10
items were designed specifically for this study.

Part B consistnd of a case study where Dan is described as one who
likes animals but in order to study the swimm41g behavior of fish wishes
to cut off the fins. He hesitated to actually cut off the fins, since he
realized that he was going to cut organs of a living creature.
The student is asked, "what would you do if you were faced with this
dilemma? Would you cut off the fins? Give your reasons."

Part C consisted of a list of 20 animals, 10 "lower" (worms, scorpions,
flies, ants, honeybee, fish, frog, lizard, poisonous snake, non-poisonpus
snake) and 10 "higher" (chicken, pigeon, mouse, bat, rabbit, pig, goat,
cat, dog, monkey). The subjects had to indicate for each animal if they
would be in favor of using it in experiments which cause irreversible
damage.

Part D required the subjects to k.hoose one or more out of ten possible
responses to the statement: "You are assigned to dissect a mouse and
implant in it .an organ taken from another mouse._"

Data Analysis

The mean acores of Part A were analyzed by two way analyses of variance by
grade level and tex, and t-tests were computed between boys and girls by grade
level and between subtests. (There were eight subtests, each representilg a
distinct aspect of use of animals). Frequency distributions were constructed
for subtest responses. Also, Duncan's multiple range test was computed for
grade levels.

The list of animals in Part C was categorized according to taxonomical level,
benefit,to man, living site, and general affection of people toward the animal.
A stepwise multiple regression was performed. The generated scores were
combined into one data file providing a basis for the regression analysis.
The five scores, Harmful, Higher, Taxonomic Level, Useful liked and Domestic
were used as independent variables. Twenty separate regressions were run with
each animal serving once as the dependent variable. The twenty items of Part
C were also intercorrelated and submitted to R factor analysis with varimax
rotation.



Analysis of variance was computed between grade levels and between sexes for
Parts B and D. The reasons given in Parts B and D were classified into five
categories and a frequency distribution constructed.

Findings

The following represent the major findings.

Part A

1. Statistically significant main effects were found for grade level
(13(0.01) and for sex (p40.01) as well aOan interaction effect (pt 0.05).
The mean scores indicated that boys' attitudes toward the ust of animals
become more positive with age, and in general boys have more positive
attitudes than do girls. Girls tend to have less positive :attitudes in
grades 5 and 9 than in grades 7 and 11.

4'

2. There is a significant difference between the results of subtests 2 and
- 3, (p 0.0001) showing that students differc,in their attitudes toward the
use of animals in research as opposed to in schools: 79 percent support
the use of animals in research, while 64 percent support their use in
schools. When animal suffering is involved, 38 percent agree to use in
schools, and 62 percent agree for research. In experiments causing
irreversible damage, 56 percent support animal use in research and 44
.percent in sghools.

3. Seventy-four percent believe one learns more from experiments than from
books (subtest 5).

4. About two-thirds of the students are in favor of the teacher doing the
experiments to reduce animal suffering (subtest 7).

5. Eighty-five percent agree to the use of animals in schools provided the
animals are returned to their natural habitat (subtest 7).

6. Sixty-eight percent state any damage to the animal should be temporary
and reversible (subtest 7).

7. Sixty-eight percent oppose the view that one can treat animals as he
likes (subtest 1).

8. Twenty-nine percent agree to unrestricted use of animals by man (subtest 1).

9. SeVenty-one percent agree to the use of animals for thebenefit of man if
cruelty is prevented (subtest 6).

10. There is a significant difference between the mean17 of subtests one and
six (p '0.0001).

11. Duncan multiple range test revealed statistically significant differences
between 5th grade students and others.
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Part C

1. On the average, in the 20 separate regressions, the five factors chosen
explain 56 percent of the variance in students' responses with a range
between 32 percent (for frog) and 81 percent (for bat).

2. The results of the multiple regression analysis are ranked from 5
(variable entered first) to 1. Only entries making statistically .

significant contributions to changes in variance (p(0.05) were included.
An importance index for the five factors was computed.

Importance index
AVerage Rank x percent of items contributing--

=

The importance index for the factors was as follows:

Harmful to man = 3.7
Useful to man = 2.4

Higher animals = 3.3
Liked by people = 2.2
Domestic animals = 1.9

3. Four factors accounting for 61 percent of the total variance resulted
from the R factor analysis with varimax rotation.

Factor 1 = "Higher - Useful" (all mammals but bat & mouse, all birds)
Factor 2 = "Lower" (worms, insects)
Factor 3 = "Repulsive" (bat, lizard, poisonous and nonpoisonous

snakes, scorpion)
Factor 4 = "Experimental" (mouse, fish, frog)

4. Analysis of responses to the four subtests generated by the factor analysis
by grade level_and by gender yielded.

a. There was no significant difference between boys and girls in grade
5.

b. In grade 7, boys supported the use of lower animals (p 40.01) more
than did girls.

c. In grade 9, 23 percent boys supported the use of higher animals,
contrasted with 7 percent of the girls.

d. In grade 11, significant differences by sex existed beyond the 0.01
level for all subtests.

Lower: boys 78 percent, girls 53 percent
Experimental: boys 70 percent, girls 44 percent
Repulsive: boys 54 percent, girls 29 percent
Higher-Useful: boys 24 percent, girls 7 percent

e. 48 percent of 7th graders were ready to sacrifice "repulsive" animals,
whereas only 30 percent of the 9th graders were ready to do so.
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Parts B & D

1. Twenty-five percent were willing to cut the fins off a fish. (Part 11)

2. There were significant differences between grade levels (p40.01) on the
fish dilemma. The 5th graders were the least willing to remove fins and
the 9th graders the most. (Part b)

3. There was no significant difference between boys and girls on the fish
dilemma. (Part B)

e

4. Sixty percent were ready to implant an organ in thf mouse. (Part D)

5. Girls were on the average significantly less inclined to operate on the
mouse than were boys. (Part D)

6. There were no significant differences among grade levels in the mouse
dilemma. (Part D)

7. In order to examine the kinds of reasons students offered when given the
dilemmas, reasons were classified into rategories.

1. The importance for learning, research add human welfare;
2. Consideration for animals and thei4 well-being;
3. Conventions;
4. Personal attitude related to fear, utility or disgust;
5. Evading the dilemma by taking resort in alternatives such as film,

TV, books, etc.

a. Of 283 reasons given inthe open ended fish fin -dilemma 30
percent were category 1, 43 percent category 2 and 27 percent
category 5. (Part B)

b. In the mouse dilemma of 296 reasons, 46 percent were
category 1, 27 percent category 2, 15 percent category 3 and 12
p,...rcent category 4. (Part D)

Interpretations

Part A

The authors concluded:

"...that student support for use of animals is restricted by moral and emotional
considerations."

The attitudes of students represent an intermediate position between the
homocentric view which implies that man may use animals with no restrictions
and an egalitarian view that all creatures are equal and have similar rights.

"...there is a general trend reveAing more positive at4.itudes toward the use
of animals and avoiding cruelty by girls."

"Eleventh grade students were most positive regarding the use of animals in
instruction and least concerned to.put restrictions on that use."



Part C

The authors concluded:

"Students are much more inclined to use in experiments lower, harmful, wild
and hated animals."

"..,the most important factor...in deciding about the use of particular animals
in experiments is the extent to which this particular 'animal is harmful to
man. The least important factor is whether the animal is wild or domestic."

"...that up to grade 9 there are oniy small differences between boys and girls
in their readiness to use animals in experiments'which cause irreversible
damage." In grade 11 marked differences exist, with girls considerably more
reluctant to sacrifice animals.

Grade 5 students were considerably more relmtant to use animals than the
higher grades.

"...the degree of usefulness of damage to man asociated with the animal, and
the taxonomical position of the animal..." are the two major factors affecting
students in their differential attitude toward the une-of animals.

Parts B and D

The authors concluded:

"...the older students, value more the learning experience, offer more
justifications for using animals and are less concerned about the animal
suffering. At the same time they are inclined to prefer alternatives to
direct experimentation."

Concern for the well being of animals was much greater in relation to the
first, seen as in an instructional context, as opposed to the mouse, viewed as
in a research context. "Students make a clear distinction between the use of
animals in research as opposed to the use of animals in instruction."

Overall conclusions

Students are ambivalent toward the use of animals for instruction. They favor
the use with certain provisions and restrictions. "The implications is that
animals should be used whenever their use brings about improved learning,
provided that undue suffering and cruelty are avoided..."

"...the attitude of children towards the use of animals in experiments is
crystalized between the ages of 12 and 17."

ABSTRACTOR'S ANALYSIS

Students' attitudes toward the use of living organisms in research and in
learning biology is an area of research that has received moderate attention.
This study adds another dimension to the literature by looking at the factors
which affect student attitudes toward the,use of animals. By identifying t4e
factors behind the attitudes, better decisions can be made concerning the use
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of animals in schools. In addition, by making teachers aware of the underlying

factors, they in turn can better prep xe their students to use animals.
Curricular and teacher planning whi takes identified factors into account

can promote learning and help in t evelopment of positive attitudes towards

biology and animals as they relate to man. Few studies have attempted to look

beyond the attitudes to find the factors that affect them. The purpose of the

study is indeed a noble one.

The study was a complex one. There were so many parts and subparts that it
was difficult to follow what was done or to discern the results. Several

alterations could have made it more easily understandable. Limiting the parts

of the study reported in one article would have enabled-the-authors_to_more
clearly describe the treatment and results. Specific hypothesis of research

questions would have claxified the scope of the study. Describing the data

analysis concisely rather than spreading the description through several pages
of results would have enabled the reader to quickly find out how the data were

analyzed. The results were not reported in a consistent manner. Sometimes
percentages were given without mentioning whether theAifferences were
significant, and when significant differences were found=the level was not
always reported. The amount of information in the article seemed to be just
too much to deal with in a clear and consistent fashion.

A sample size of 577 is to be commended. Although the schools were chosen on
the basis of convenience, because of the heterogenity there is no great reason
to doubt that they are representative of students in Israel's schools with the
exception of the fifth grade group. The authors state that the 25 fifth

graders are all talented students. The reason given for limiting the number
of fifth graders is the authors' doubts as to the ability of such Imung students
to respond meaningfully to the questionnaire. Any results concerning the
fifth graders, because of the lack of randomness and the small N, should be
regarded with caution.

Although the sample size was 577, information about the sex of students was
only wrailable for 348 (180 boys and 168 girls). Again, the subsample size is
adequatv but the question as to whether the distribution of the 348 is fairly
equal fof all grade levels is not addressed. An unequal distribution by grade
level of either or both sexes would cause one to question theSignificance of
findings concerning differences by sex for grade levels. Such information is

necessary.

In regard to data analysis, clarification is needed for the analysis of variance

procedures. One does not know if the analylis of variance was computed for 2
sexes by 4 grades or 2 sexes by,2.grades.

In Part A when the 30 statement questionnaire is divided into eight subtests,
internal consistency for each subtest was stated as relatively high (Cronbach
levels between 0.25 and 0.52, while the mean point biserial Correlations
ranged between0,0.47 and 0.78). "Relatively high" is a genetous Statement. It

is recommended that reliability coefficients be at least .70 (Mitzel, 1982).
In making conclusions from the Part A findings, the internal consistency
values as well as the limited number of items per subtest should be kept in
mind.
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Several factors were identified as affecting students' attitudes toward 'Use of

animalS. One factor the authors identified, research as compareCto
instructional use, may have been magnified. The authors viewedthe fish
dilemma (Part B) as an instructional one and the mouse dilemma-(Part D) as

research. Students were more willing to operate on the mouse than the fish,

therefore it was concluded that they were more positive toward the use of

animals in research than for instruction. The premise that the mouse Ailemma

was viewed as research by students can be questioned since the,authors state,

that the mouse is one of three animals widely used in'school experiments.
Also, the mouse dilemma statement is worded; "You are assigned to dissect a

mouse_and implant in it an organ takeli,from another mouse." The word "you"

would be tkken by students to- mean. themselves and therefore could'easily be

viewed-as_in.aninstructional context rather than research. Perhaps other

reasons need to be studied as to why the students were more willing to operate

on the mouse.

This study is a beginning in identifying factors tifeEting student attitudes

toward the use of animals and in identifying attitude.trends. The findings

could be vaLable to people working directly with schOol children; &it as was

alluded to earlier; the findings need to be more clearly and tonciiely reported

if they are to reach the audience that could benefit from the infoimation.

Further research would also be valuable in order to clarify the research

versus instructional-use issue, the general trend ofboys being more willing

to use animals than were girls mid becoming more willing with age, and the

confusing results of girls' willingness to use animals.
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Expanded Abstract and Analysis Prepared Especially for I.S.E. by Joseph
P. Riley, University of Georgia.

Purpose

The study was designed to assess the status of scienre teaching and
elementary science teachers preparation in science content, methodology,
and recency of training.

Rationale

Teachers in the Far West and Great Lakes Regions had been surveyed and
found to be lacking in science knowledge and methods.

Research Design and Procedure

A questionnaire was distributed to 260 elementary teachers who were
selected at random from an available population of 6,185., This
population consisted of teachers employed in 21 school diiiricts in
Harris County, Texas. Of the 260 questionnaires, 127 were returned for
a response rate of 48.9 percent.

The teachers were asked to supply information regarding (1) the amount
of science they taught, (2) the year of their last science methodology
course, (3) the year of their last science content course, and .(4) tle
content area of their last science content course.

Findings

The study found that elementary teachers lack preparation in science
content and science methodology.

ABSTRACTOR'S ANALYSIS

This study provides the opportunity to observe the effects of violating
certain specific demands of descriptive survey methodology.

What happens when a questionnaire is designed that fails to address a
specific research objective? The questionnaire becomes an exercise in
data gathering. Although the data may allow casual observations and
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inferences, it lacks the objectivity, specificity, relevance and

suitability for purposeful observations and meaningul interpretation.

What happens whin a survey questionnaire fails to.ask precise questions?

One,result may,be _that a four-item questionnaire, such as the one used

in this study, I§ returned with as many as 53 percent of the respondentg

failing to respOnd to all four items. The questionnairejanguage should

be unmistakably clear and precise. Asking teachers to respond to a

question using such relative terms as "none, some and a great deal"

misses the precision needed for obtaining valid and reliable'datg.

, .What happens when a survey failg to be piloted on a small sample?
Difficulties with question ambiguity are not detected and may result in
a high ratehf unanswered questions.

What happens when 15 percent of the respondents fail to respond to a

.question? Bias enters into the data. Assumptions become extremely

tenuous. When 15 percent of the teachers failea to.respond to a question
asking when they had their last content course, the author offers the

assumption that they had no content courges. Another, just as valid,

assumption is that they all had courses between 1970 and 1974,
increasing this category to.40 percent and indicating a much more
optimistic picture than that reported.

What happeus when only 50 percent of the surveyed population returns the

questionnaire? The researcher is not in a good position to tabluate
data and announce results because le-doesn't know which half of the

teachers has responded. The researcher assumed he has a random 50
peicent but provides no justification for why.the reader should assume

this. Follow-ups are an essential part of a survey plan in order to
reduce nonrespondents to as small a percentage as possible. According

to Tuckman (1978), "Most researchers are unwilling to accept a return of

less than 75 to 90 percent (and rightly so)."

What happens when no follow-ups are sent to nonrespondents? Without

follow-ups one can expect between one-third to two-thirds.of the -
questionnaires returned. This can be extended by'10 to 25 pgrcent with .

a follow-up (Tuckman, 1978).

What happens when a simple random sampling is applied to a multicultural

population? Some worthwhile inforrption is lost that might have been
picked up by either a simple stratified or proportional stratified
sampling techniques. Simple random sampling islingst appropriate when
the populaton is generally a homogeneous collection of individuals.

The limited number and type of questions used in this survey suggest
they were intended for demographic rather than planned research
purposes. This might explain their limitations when evaluated in terms

of acceptable descriptive survey methodology.
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gations. Colftmbus, OH: SMEAC Information Reference Center, 1977.
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Preservice Education; *Performance Based Education; Science
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Expanded Abstract and Analysis PreparedEspecially for I.S.E. by Lean W.
. Benefield, Jr. and James R. Okey, University of Georgia.

Rationale

The responsibility of teacher educators to train comPetent teachers has
mften not been met because of a.lack of field experiences in,training
programs. The new child-centered science prbgrams iequire field,
experience to implementexperience offered more often in the newer

. "nontraditional" education methods cgurses.

Chapman (1971) and Strawitz (1976 both repOrt more favorable 'attitudes
of preservice teachers enrolled in activityl-centered methods course.

ResearchIesign and Procedure

Approximately 150 students enrollediihelementary science methods
courses at two universities were involved:----The students received-one of
two treatments: 4

Traditional Science Methods--The Courses were lecture-
oriented with no field experience. Practice
teaching was confined to peer teaching on campus.

Nontraditional Science Methods--The courses were
competency-based and field-oriented with 40
percent of the courses being field experiences.

Data.were collected with a semantic differential instrument (Osgood,
Suci, and Tannenbaum,.1957) using a seven-step scale with 12 sets of
bipolar adjectives. The adjectives were grouped into subsets to assess
the evaluation, potency, and activity dimensions of attitudes. The

subjects responded to each of five protocol phraies:

1. Science in High School.
2. Science as Remembered in Elementary School
3. Science Education Methods Course
4. Science in the News
5. Teaching Science to Children



The instrument was administered four times using two different research
designs (Campbell and Stanley, 1966).

Administration
Time University iesign

1 A 0.X 0 One group ^pretest

posttest design

2 A X 0 Static-group
comparison

A ,X 0

3 A X 0 Static-group
comparison

X 0

4 A X 0 Static-group
comparison

X 0

X - Traditional Science Methods Course

X Nontraditional Science Methods Course

-0 - Administration of Semantic Differentiil

The total and subtest scores (evaluation, potency, and actiyity)
were subjected to eirlOVA for each of the five protocol phrases at each
administration time to determine whether there were attitude changes or
differences.

Findings

Significant changes of differences were found on three of the four
administrations of the attitude assessMent instrument.

Administration 1--Showed that preservice elementary teachers
have a mare negative attitudes toward the "Science Education
Methodd Course" after experiencing a traditional science
methods course.

Administmcion 2--Showed that preservice elementary teachers
enrolled in a nontraditional science methods course have a
More positive attitude to-rd the "Science Education,Methods.
Course" and "Teaching Sci ;:e to Children" than preservice
teachers in a traditional 41,tiods course.

Administration 3--Showed the -säme results as Administration 2.
In this case, however, the students being compared were
enrolled in different.universities.
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Administration 4--Showed that there were no differences in

attitudes toward any of the five protocol topics between
students enrolled in nontraditional science methods courses at

two universities.

Interpretations

According to the author, preservice elemtenary teachers participating in

competency-based and field-oriented science methods courses developed

more positive attitudes toward science than did teachers in a

lecture-oriented course with no field experiences. Science educators

need to devise science methods courses that include stated competencies
and field experiences as one way to improve attitudes toward science.

ABSTRACTOR'S ANALYSIS

The researcher used two pre-experimental designs (Campbell and Stanley,
1966) to study questions relating to attitudes of preservice science

teachers. Given the difficulty of randomly assigning students to

classes, the choice is not surprising. However, these designs do have

limitations and threats to the validity of findings need to be

addressed. The specificthreats to be considered are:

Selection Bias--To wbat degree.are the two groups comparable that
participated in the three static group comparison studies? In one

of these cases the students are from the same university. However,

we are-told nothing about their characteristics or how students are
assigned to classes so that a judgment can be made the the groups

are similar. In the other two comparison studies, students are
from different universities and the prospect of having
noricomparable groups is even greater. If data on age, sex, SAT

scores or other such demographic information were provided, readers

would be in a betterposition to judge whether selection bias is a
factor worth considering seriously.

Testing--Assessing changes with studies M only one group offers data

interpretation problems. There is a posdibility that the original
administration of the attitude measure in the one group
pretest-posttest design may have sensitized the students to the
type of changes being measured. After the test was'administered
the subjectsrFould have discussed the various items and individuals
could have developed an idea of what would be the desired

responses. When the measure was given the second time to the same
group, these preconceived notions may'have affected the reponses to

the instrument. If a control group had been available this threat

cc,uld have been eliminated. History (what happens to the students
besides the treatment) may have also been a cause of changes in

. attitudes.

Aside from design consideration there are a number of points about the

study that_marrant comment.
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1. Because the data from Administration 4 were not available, it is
impossible to determine the total number of subjects involved and
the number of identifiably different groups in this portion of the
study. An apparent typographical error in the heading of Table 3
also makes group membership difficult to discern.

2. The statement that a number of attitude "changes" were identified
with Administration 2 and 3 of the measure is not warranted. In
the experimental design used by the author only Administration 1
offered information regarding "changes" or "development" of
attitudes. It would have been more accurate to report attitude
differences between the various groups in the study.

3. In the conclusion is found the statement that "...competency-based
and field-oriented science methods coUrses devclop more positive
attitudes toward science..." the evidence, however, shows
differences on overall,scores associated with only two of the
protocol phrases--Science Education MethOds Course and Teaching
Science to Children. Thus, the attitude differences seem'to be
associated with phrases having to do with learning to teach and
teaching science but not science itself. The paper would have been
clearer if the areas of attitude difference or change had been
defined more accurately.

Studies such as this can offer valuable information to individuals
developing oir instructing science methods courses. It would be helpful
to find out what kind of courses for preservice teachers influence
attitudes ahdlihich attitudes are influenced. Studies can then be
planned toaeillow these preservice teachers into the classroom and
assess the effect of these positive attitudes on teaching.
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Puuose

The stated purpose of this investigation was to measure the level of contact

students have had with oceanic activities and information. While the authors

did not formulate specific hypotheses regarding the outcomes of their
investigation, they did seek answers to the following research questions:

1. How much do the students know about the oceanic environment and its
influence on marine affairs?

2. What are the students' attitudes toward some marine issues?
3. Is residential proximity to the coast related to students' levels of

marine awareness?
4. What marine-related experiences do the students perceive to be most

influential in providing them with oceanic information?
5.---What experiences can beshown to be related to marine attitudes or

knowledge?

Rationale

The study was based upon the premise that if a given experience or set of
experiences were influential in providing information to--stfidents having
positive attitudes toward marine issues and/or high marine knowledge scores
(as evaluated by test instrument), those experiences which were manipulable
might be used as means of increasing mariae awareness. In addition, experiences

consistently correlating with low marine knowledge scores or negative attitudes
signaled a possible need to concentrate instruction in such a manner as to

overcome the effects of those experiences. The findings of the study,

therefore, would provide a decision support,Aystem, independent of intnition
and guesswork, for those charged with makidrdecisions regarding the
implementation of.marine education in the school curricula.

Research Design and Procedurt

Sample: Seven hundred eighty seven tenth-grade students from thirty Virginia
schools served as subjects. The schools were selected for inclusion using a
stratified sampling program based upon their proximities to the coast. Fifteen

schools were.randomly Aelected from Virginia's coastal area (defined by

Virginia's Code as "Tidewater Virginia"). Fifteen randomly selected schools

from Virginia's interior were also used. Classes of approximately 30 students
each, whose students reflected the entire ranze Of abilities, were administered
the test instrument.



Instrument: A modified form of the Survey of Oceanic Attitudes and Knowledge,
a three-part instrument, was used to gather data; one section evaluated
students' attitudes14-category Likert scale - (4) Definitely agree; (3) Tend
to agree; (2) Tend to disagree; (1) Definitely disagree.] toward the marine
environment; another, knowledge about the marine environment; the third
evaluated students' experience levels with the marine environment.
Administration: Administration of the evaluation instrument (forns A, B, and
enras completed in one class period of forty-five minutes duration.
Data Manipulations: Several mathematical techniques were used in evaluating
different forms of the instrument and data collected through administrations
of the instrument:

1. Chi-square analyses were used to check the equivalence between
knowledge sections of different forms of the instrument.

2. The differences between mean knowledge scores were evaluated Using
t-test procedures.

3. Descriptive statistics were used to describe students' understanding
of the ocean as A: chemical medium; physical system; biological
community; pol ical interface; cultural influence, and threatened
resource.

4. Attitude scores were produced by calculating mean attitude, item
response scores. They were then compared to demographic vi'riables
using analysis of variance techniques.

5. A mean total sample attitude scores was produced; attitude means
were then compared (tidewater and inland).

6. Attitude response categories were evaluated using percentages.
7. Marine knowledge and attitudes were compared using a Pearson product

moment correlation.
8. ANOVA was used to evaluate the effect of demographic variables

(race, sex, residence) upon knowledge.
9. Respondents rank ordered ten experience categories according to

perceived importance in providing information. Mean category rank
scores were used to develop a "Scale of Perceived Influence" of
experience upon level marine knowledge.

10. Relationships between marine knowledge and experience categories
were examined using multiple regression analysis.

11. The relationship between attitudes and experience categories were
examined using multiple regression analysis.

12. Correlations were calculated betWeen specific experience items and
knowledge u.itegories and between specific experience items and
attitudes.

13. Tukey's multiple range test was used to evaluated the relationihip
between group means and level of knowledge.

Findings

The following major findings relate item-for-item to the data manipulations
cited above.

1. Subject response patterns for items which differed from one test
form (A, B, C) to another were the same regardless of the form used.

2. The mean knowledge score (12.9) for the tidewater group differed
significantly from that (11.9) of the inland group.

3. The average percentages (from forms A, B, C) of correct answers for
instrument items testing subjects understanding of the oceans were;
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chemical medium, 53.8; biological community, 46.2; physical system,
47.1; political interface, 53.9; cultural influence, 43.5; threatened
resource, 51.0.

4. Based upon a criterion of P-16.1.-demoitiPh1c fattors appeared not to
affect subjects' attitudes about the marine environment. The lowest

probability of any other than chante relationship. (B44.27l) occurred
for race; white subjects exhibited more positive-attitudes.

5. The mean attitude score for the entite satapie was 3;06; the possible
score was 4.0. Scores between the two groups did not "differ .

,

significantly.
6. With regard to total attitude scores, 0,89 percent were strongly

negative, 6.5 percent ilightly negative, 74.8 percent Slightly
positive, and 17.8 percent strongly positive.

7: The Pearson correlation between attitudes and knowledge about the
marine environment was r = .43, significant at Pt.01.

8. The effects of demographic factors upon marine knowledge are shown
in Table 1.

TABLE 1
Effect of Demographic Factors on Marin._ Knowledge
Source of Variation Significance

Main Effects .001

Residence .001

Race .001

Sex .001

2-way Interactions
Residence/Race P :..05
Residence/Sex .01

Race/Sex P > .05

3-way Interactions
Residence/Race/Sex

P > .05
P .05

9. The results of perceived influence upon marine attitudes and knowledge
scores are shown in Table 2.

to.
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TABLE 2
Rank Ordering, Perceived Influence of Experiences

Knowledge and Attitudes

Numerical Value
*

*Coastal Subjects Numerical Value Inland Subjects

7.17 T.V. Specials 7.07 T.V. Specials
5.75 Movies 6.04 Movies
5.62 Magazines 5.52 Ocean Study Class
5.53 Regular School Class 5.49 Magazines
5.47 Beach Recreation 5.43 Regular School Class
5.45 Public Aquaria 5.20 Beach Recreation
5.16 Books 5.12 Public Aquaria
5.15 Education on Beach 5.02 Books
4.93 Newspapers and T.V. News 4.86 Newspapers and

T.V. News

Score range 1-10

10. When marine knowledge was evaluated against marine experience
categories (Table 2), 6.6 percent of the variance was related to
some common factor.

11. The common variance between attitudes and marine experience
categories was similar to the 6.6 percent figure for knowledge and
experience.

12. In the comparison, three items individually accounted for 10 percent
of the variance; (a) number of Cousteau specials seen on T.V., r = .37;
(b) frequency of reading National Geographic, r = .31; (c) swimming
ability, r = 31.

13. The range test indicated the greater the participation watching
Cousteau specials, reading National Geographic, and swimming, the
higher the knowledge scores.

Interpretations

The authors included:

1. Virginia's tenth grade students have a fairly i6w level 6f knowledge
about the ocean.

2. Students perceive marine-related television programs as the greatest
influence on their knowledge of the ocean.

3. Access to marine experiences should be equalized across socioeconomic
barriers by providing such experiences in classrooms.

4. An attempt should be made to increase student awareness of the
potential of females and non-whites for involvement in marine
activities.

ABSTRACTOR'S ANALYSIS

Fortner and Teates (1980) are to be commended for their, success in expanding
the existing data base reflective of levels of marine awareness- possessed by
U. S. school children. The major goal of the -National Marine Education
Association, since its incorporation in 1976, has been to educate, from the
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thoughts of Goodwin (1977) and Goodwin and Schaadt (1978), a marine-literate
society. Baseline studies of the type discussed here are invaluable io school
administrators and teachers alike tasked with the implementation of marine
education programs. Education for marine literacy cannot begin until educational
points of departure have been established. These data help provide such a
point.

The data gathering instrument requires comment. The instrument used was the
Survey of Oceanic Attitudes and Knowledge. While the instrument is adequately
described, a source from which the instrument may be obtained seems to have
been omitted. In addition, the reliability of the instrument must be questioned
since one or more suCh coefficients have not been included.

Suggestions for :Further Research

There is a great need on the part of the educational community for baseline
data of the type provided by this study. Studies of the future should examine
reasons why subjects exhibit the levels of marine awareness they do in other
geographic r2gions, but need not necessarily make comparisons of awareness
between geographic strata.
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IN RESPONSE TO THE ANALYSIS OF

Fortner, R. W. and T. G. Teates. "Baseline Studies for Marine Education:
Experiences Related to Marine Eholwedge and Attitudes." by Richard M.
Schlenker. Investigations in Science Education, 9(2): 39-43, 1983.

Rosanne W. Fortner
The Ohio State University

Thank you for the opportunity to comment on Dick Schlenker's review of my
"Baseline Studies" article for I.S.E. His critique is a good one, and in
response to his comments, I would like to make I.S.E. readers aware that the
reliability of the Survey of Oceanic Attitudes and Knowledge ranged from .62
on Form B to .71 on Form A. All forms of the instrument and item analyses are
available from me at 2021 Coffey Road, Columbus, Ohio 43210.
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Reasoning: Content and Problem Effects." Journal of Research in Science.

Teaching, 18(5)435,-447.,
DOscriptors- *Abstract Reasoning; Academic Ability; Cognitive Ability;
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JExpanded abstract and analysis prepared especially.for I.S.E. 1.)y Anton E.
.Lawsont.Arizona State University.

_Purpose

This paper addressed content and problem effects in formal reasoning skill.

--- The questions were 1) how differences between task content (e.g., whether the
task is about rods bending or springs expanding) influences performance, 2)
how differences in task problems (e.g., whether the subjec.t_is asked to Set_up

an experiment or to criticize a.conclusion) Contribute to performance on
formal reasoning tasks, and 3) how content and problem.effects interact with
ability and personality factors previously identified as related to formal,

reasoning. No hypotheses were specifically stated.

Rationale

Piaget's structural theory of formal thought suggests that a general construct
of formal reasoning exists. Emerging in preadolescence, formal thought is
consolidated, presumably universally, by adulthood. In recent years, this

assertion has come ander serious debate. Also formal reasoning, as distinct
from previous measures of general ability and achievement, has been questioned.
Regardless of these issues, reasoning strategies such as controlling variables,
proportions, and functions, have practical validity. Thus improved
understanding of the development and use of these strategies remains an
important educational issue. The approach taken iii the present study was to
assume that the general construct of formal reasoning is valid and to
scrutinize the current research methodology in hopes Of better understanding
the reasons behind students' performance on formal taski. To do this,
performance on formal reasoning tasks, which were varied in content and problem
selected, was compared to performance on a variety of ability and personality

measures.

ResearchTesign and Procedure

The_subjects (Ss) were-124 seventh grader6 from aril urban middle school of
mixed SES background (61 male, 63 female, X age = 13.46, SD = 0.53). Each S

was individually tested,on three tasks involving the control of variables
schema called Springs, Bending Rods, ,and Ramp. Order was coin:ter-balanced.

Problems raised within each task were called naming variables, controlling,

and amlypil. For naming variables Ss were awarded a single point for each
independent variable they were able to name that might affect the dependent
variable in the task. For controlling Ss were awarded one point for each,

independent variable they successfully tested. For analysis Ss responded to
three questions about ,an uncontrolled test of one If the independent variables.
They were awarded one Point for each correct answer.
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Ss were groun tested on the following ability-and personality measures:
Achievement (as measured by the Stanford Achievement Test), Field Dependence/
Independence (as measured by the Portable Rod and Frame Test and an embedded
figures test), Locus of Control; Category Width, Divergent ThinkinK (4s measured'
by Torrance's order task), -Giahesis Testing (as measu-ed by Levine's concept

identification test).

Findings,

An analysis of variance Irevealed a significant effect for content and problem
type and a significant Interaction. The Ramp was generally the easiest of the

tasks followed by Springs and the Bending Rods. Correlations among the formal

task problems ranged from 206,top.52. Correlations among abiliiy and

personality measures ranged from -.14 to .42. Achievement correlated moderately
with Hypothesis Testing (.42) and with Locus of Control (.41) while Hypothesis
Testing and Locus of Control correlated moderately with each other (.37).
Regression analysis of the abilitpand personality measures on the formal
scores showed the ability and personality measures to be quite uniformly
related Co the controlling and-naming-Variableslproblems but strong task
effects were apparent for the analysis problm. For each task, the controlling
problem was related to achievement; the embedded figure test, and locus of
control. The Rod and Frame test wis related to two of the three tasks and
divergent thinking was related to one of them.

Interpretations

The present findings suggest that content and problem effects deserve scrutiny'

in research on formal reasoning. Formal reasoning was consistently related to
.the Rod and Frame test and frequently to tests associated with general ability.
These findings place formal reaboning as a mix between traditional school

learning and strategy utilizatibn. It appears that the Rod and Frame test
taps a fairly pervasive charactl:ristic of formal reasoning for tasks with
scientific apparatus, measuringability to select relevant information. The

embedded figures test was also related to the formal measures indicating that
the tasks require similar cognitive operations perha0 the selectiod of
appropriate strategies as suggested by Pascual-Leone.

From an educational standpoint these results suggest that generalizing formal
reasoning to a new content area is not automatic. Since these strategies 'are

generally taught in science classes using science related tasks, they may not
generalize to other areas without additional instruction.

ABSTRACTOR'S ANALySIS

The present study represents an attempt to gather additional information
regarding the nature of formal reasoning by administration of three controlling.
variables tasks and a battery of ability and personality tests to a group of
seventh graders. The novelty of the study is in its selection of measures and

statistical analyses. The value of the study is due primarily to the fact
that the notion of controlling variables is an extremely important one, yet__ -
not enough is presently known about why some students come to use the strategy

while others do not. The authnrs believe, and I concur, that a Means of
gathering data to help answer this question is to ekrorelindividual personality
and ability differences in the rates of attainment of the controlling vaqables
schema.
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Although the authors fail to explicitly state any hypotheses, one has the
impression(that a primary motivation for the research was to demonstrate
(1) that performance on controlling variables tasks varies from one task to the
next (the authors' content effects) and, (2) that performance varies with the

type of questions asked within each task (the authors' problem effeCts). In

this sense, the study was successful as content and problem effects were
demonstrated. Exactly what the demonstration of problem effects contributes

to the literature, hoWever, is not clear. Theoretically seventh graders

(13-year-olds) are not supposed to be fully formal operational and at
"equilibrimm" with respect to formal structures. Thus content effects are

theoretically supposed to exist and have been found in many previous studies.
During the concrete stage, content is pervasive and general structures for
dealing with hypothesis testing have not emerged. Therefore one would expect

that certain aspects of performance would vary considerably with familiarity
(i.e. content).

The issue of problem effects is an interesting one and essentially unique to
this study. The fact that they were found represents a worthwhile contribution

to the literature. Consider, for example, the relationship between naming and

controlling variables. Anyone who has administered the Bending Rods task to a
large number of students is struck by some students' failure to name potentially
influential independent variables. It would certainly seem that a variable

will.not.be controlled if it is not first identified. Thus one would expect

performance on the naming variables problem to be highly correlated to,

performance oi controlling variables problem. The relatively low

correlations found were somewhat surprising. The authors'explanation for
this in terms of field dependence, (i.e., the field dependent students have
the knowledge or ability to name variables but do not prefer to) is an

interesting one. One might then ask', why do they not prefer to name the

variables? No answer to this question is offered.

With regard to the more general issue of individual differences, one set of
statistics was not reported that I would have found helpful. The authors did

not report an intercorrelation matrix of the controlling variables task scores
and the ability and personality measures. 'From the regression statistics one
can see that high achieving, field independent, internal, divergent thinkers

do generally better on the controlling variables tasks. Unfortunately only

the degree of correlation, after achievement was entered into the regression
equation, was shown. The authors state that achievement was-entered first
because it "is a well understood construct" but I really doubt that this is'

the case. Achievement is an extremely complex interaction of a number of
variables such as interest, aptitude, and opportunity, each of which can in
tern be analyzed into subvariables such as field dependence/field independence,
rocus of control, mental capacity and the like. Given the complexity of the
achievement vatiable, and what I perceive to be the difficulty in identifying
just what is involved in achievement, I would have prefereed to see the initial
correlations among the controlling variables tasks and the ability and
personality measures, and I would have preferred the regression ta be done
with the ability and personallty variables entered without inclusion of the

achievement variable.

,Hypothesis testing ability, as measured by Levine's conce t identification
test, did not correlate well with formal tpsk performance. This was unexpected

to the authors in that the schema of controlling variables ost cerCainly
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apptais to be involved in the testing of hypotheses. Perhaps the reason for
the low correlationsNis that hypotheses testing on Levine's test involves
noncausal situations while the controlling variables schema may be called for
only in causal situation& (i.e., in the testing of single causes embedded in
potentially multiple cause-effect situations). Lawson (in press) found
hypothesis testing performance to vary considerably between causal and noncausal
situations.

The major educational implication of the study was that, for generalization to
occdr, instruction in controlling,variables should not be restricted to science
problems. This seems a most reasonable assertion yet the study really did not
directly address the issue of instructional generalization. A number of
previous training studies have more directly addressed this issue. Training
studies, in which aspects of formal reasoning are taught with various methods
and materials to students at various ages which qre then tested with tasks
from various content areas, seem a muck better Way to determine the degree of
generalization which can be expected following different types of instruction.

Science progresses generally via theory construction and the testing of
hypotheses generated from theory. The authors' failure to explicitly state
testable hypotheses in the present study proved somewhat troublesome. Perhaps
this was appropriate given the descriptive nature of the study, yet I believe,
if possible, it would be a considerable benefit to the reader if r4earch
reports began with clear questions followed by explicitly stated hypotheses
and predictions. The study lacked this clear train of thought thus did not
tie together conceptually and its relation to theory was,left unclear.

Incidentally Tables I and II somehow were reversed in the paper. Also the
reader was asked to refer to Table I to_note that little variance for naming
variables on the Ramp task emerged from the data, yet this statistic was
omitted from the appropriate table. These oversights detracted from the
paper's readability.
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The purpose of this research report is to describe seven Science Reasoning Tasks
(1979) beginning with the development of the SRTs through the validation and

utilization. Item discriminations, reliability and validity are assiduously

reported.

Rationale

Cognitive development has traditionally been determined by the methode clinique
developed,by Jean Piaget. The investigators,identify four essential features
of the class,ical method of measuring levels of cognitive development:
1) allowance for the child to be influenced by his perCeptions and the
apparatus; 2) opportunity to investigate the reasons for the child's responses;
3) ability to observe the child's reaction to interviewer feedback; and
4) opportunity to question the child's response. Interview methods are yery time-

consuming, making it impossible or very difficult to collect large quantities of
data for this type of research. The researchers developed tests of cognitive
development which can be used to assess individuals, in groups of twenty or

more, simultaneously.

Research Design and Procedure

Development of Science Reasoning Tasks is summarized by the investigators in

five statements:,

1. Selecting from the tasks devised by Piaget et al. (1956, 1958, 1964,
1974) those which cover the ranlie of stages to be studied, and which
seem most likely to be transposable to a group situation.

2. Writidg test items from questions reported by Piaget and Inhelder in
their interview tasks, together with Appropriate instructions for
ariministration..,

3. Ascribing developmental stages to.each possible reply to each item,
followed Piagetian protocols. In practice, almost all items test
the attainment of just one level or sUblpvel and a complete task
must include items covering a suitable range of stages.

4. Devising an overall marking.scheme by which a level may be,ascribed
to a pupil on the basis of his replies to a series of items. In

general a two-thirds rule is followed: if there are six items at
rtage n, then four must be correct to indicate achievement of that
stage.

5. Trying the task on a sample of pupils and assessing each by the
provisional marking scheme.
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Item discriminations and reliabili , of the tasks developed by this process,

were determined using item discrimination diagrams for testsassessing the
range from 2B to 3B. Content validity was established by producing an adequate
number of items at each of the levels 2B, 2B/3A, 3Asand 3B. Internal

,.sxasistency was measured by the Kuder-Richardson formula 20 at each stage of
development of a task. Reliability was estimated with test-retest correlations
tests given three months apart.

Findings

Examination of KR20 correlations indicatea_that the SRTs are virtUally the
same as the original Inhelder or Piaget Tasks. The predictive validity was
determined with two SRTs -- Tasks II and III. Above average 11-13-year-old
students were'tested with a 50-60 item content examination in physics,
chemistry, and biology. The researchers report that these questions measure
understanding rather than recall. Predictive validity correlations of .77 and
.78 were measured for the two sections of the course.

Construct validity was established by administering SRT Tasks III-VII to
approximately 560 students, age fourteen years. Factor analysis showed a
single factor accounting for 59 percent "f the total variance. Population
surveys with the group tasks have been conducted and population norms
established for cognitive development of British school students. A wide
range in rates of cognitive development was found and the correlation of
Piagetian stages and age was 0.35. Population norms of these Piagetian measures
do not increase after the adolescent growth spurt and the researchers predict
this could account for sex differentials researchers in the United States have
found on formal operations with college students.

The SRTs have also been used in studies in other cultures: southeast Asian
countries, West Indies, the Philippines, Palestine, Zimbabwe-Rodesia,and
Swaziland.

Interpretations

The Science Reasoning Tasks have been thoroughly and carefully developed,
validated, and reported. SRTs have much potential in applied research. The
researchers conclude that the most powerful use of the tasks may be with
matching teaching/learning activities with the cogaitive developmental level
of the learner. Interpretations from this instrument development research are
reported throughout the manuscript and summarized in this statement:

By monitoring the progress of groups of individuals, whose
performance on SRTs has been recordeA, through the curriculum
and noting areas of success and failure, we can gain real
insight into the levels of cognitive development needed to
successfully complete each small section of the curriculum. In

this way difficulties can be differentiated into those which'
can be remedied by changes in teaching approach and those which
demand restructuring or even complete reframing of the
curriculum.
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ABSTRACTOR'S ANALYSIS

Development and validation of group tests of cognitive development are important
achievements for research in science education. The investigators of this
study conducted a comprehensive research and development program to produce
the Science Reasoning Tasks. This well written research report thoroughly
documents the instrument development znd field testing of those instruments.
The investigators thoroughly reported each step of the research and included
the essential historical influences:-i.e., the Piaget interview tasks of
cognitive development--providing the chronological evolution of the SRT
devkopment.

Group tests of cognitive development should provide data to identify the
students' thought as preoperational, concrete operational, formal operational
or transitional between levels. The SRT developers state that pupils'
development should be categorized on at least six levels of cognitive
development:

1 preoperational
2A early concrete operational
2B late concrete operational
2B/3A transitional between late

concrete operational and
early formal operational

3A early formal operational
3B late formal operational

Previous research by Longeot (1965), Warburton (1966) and Raven (1973) used
paper-and-pencil tests to measure logical reasoning and categorize thinking as
concrete operational or formal operational. Tisher (1971) used a paper-and-
pencil test on which the students were required to answer all the questions as
thought experiments. Rowell and Hoffman (1975) developed a group test which
required a set of apparatus for each student. Recognizing the limitations of
these group tasks, the investigators developed a valid and reliable set of
demonstration plus paper-and-pencil tasks of cognitive development. The
Science Reasoning Tasks were then field tested and refined.

The SRTs utilize a set of apparatus to demonstrate various experiments and a
series of questions to which the subjects respond in writing. The abstractor
agrees with the developers of the SRT that giving a SRT is more like teaching
a lesson than giving a standardized test.

530



REFERENCES

Inhelder, B., ard J. Piaget. The Growth of Logical Thinking. London:
Routledge and Kegan Paul, 1958.

Inhelder, B., and J. Piaget. The Early Growth of Logic. London: Routledge
and Kegan Paul, 1964.

Longeot, F. "Analyse Statitique de Toirs Tests Genetiques Collectifs."
Bulletin de l'Institut National d'Etude du Travail et d'Orientation
Professionnelle, 1964.

Piaget, J., and B. Inhelder. The Child's Conception of Space. London:
Routledge and Kegan Paul, 1956.

Piaget, J., and B. Inhelder. The Child's Construction of Quantities. London:
Routledge and Kegan Paul, 1974.

Raven, R. J. "The Development of a Test of Piaget's Logical Operations."
Science Education, 57:377-385, 1973.

Rowell, J. A., and P. J. Hoffmann. "Group Tests for Distinguishing Formal from
Concrete Thinkers." Journal of Research in Science Teaching, 12:157-164,
1975.

Science Reasoning Tasks. Seven Piagetian Group-tests and a General Handbook.
Windsor: NFER, 1979.

Shayer, M. "The Analysis of Science Curricula for Piagetian Level of Demand."
Studies in Science Education, Leeds, 5:115-130, 1978.

Tisher, R. "A Piagetian Questionnaire Applied to Pupils in a Seconaary-School."
Child Development, 42:1633-1636, 1971.

Warburton, F.W. "Construction of the new British Intelligence Scale: Progress
Report." Bulletin of the British Psychological Society, 19:68-70, 1966.

54
58



Coulter, David, Harvey Williams, and Henry Schulz. "Formal Operational Ability
and the Teaching of Science Processes," School Science and Mathematics
81(2):131-138, February, 1981.

Descriptors--Algorithms; Chemistry; *Educational Research; *Learning
Theories; Problem Solving; *Science Education; *Science Instruction;
Secondary Education; *Teaching Methods; Testing

Expanded abstract and analysis prepared especially for I.S.E. by Donald E.
Riechard, Emory University.

Purpose

The stated purpose was to investigate one of the mechanisms that teachers may
use to convince themselves that they have taught concepts which Piaget-based
theory and research imply cannot be learned by at least 50 percent of their
students. Research hypotheses were not specified.

'Rationale

An assumption was made that achievement of the objectives of the new post-
Sputnik science curricula (IPS, PSSC, BSCS, etc.) requires learners to function
at Piaget's formal operational level. The work of Lawson and Renner (1974)
and of Karplus and Peterson (1970) cited to support the-contention that most
high.school students do not function at the formal level.

.

The authors maintain, however, that concrete operational students can be
successful in the new curriculum courses because 1) teachers teach algorithms
for type-problems, 2) students who are concrete operational memorize the
algorithms, and 3) when confronted with type-problems, students are able to
apply the appropriate algorithm. Thus, students might get the correct answers
but they have not, in fact, used formal operational thinking to do so.

Research Design and Procedure

The sample was composed of 61 ninth and tenth grade students in an urban high
school. The subjects were enrolled in an Introductory Physical Science (IPS)
course offered as an elective for university preparation. Concrete and formal
operational students were identified by a paper and pencil adaptation of the
Piaget rod bending activity. Student achievement levels in IPS were determined
by average performance on teacher-made tests.

Students' abilities to solve IPS problems consistent with the course's formal
operational objectives were evaluated by teacher-made tests and experimental
test items. On two occasions during the winter terms, two experimental test
items were included in the teacher-made chapter tests administered by the
regular classroom teacher. The experimental items were designed so that their
solutions could not be derived by merely applying a previously learned algorithm.

Findings

Of the 61 subjects, 14 tested formal operational on the rod bending test.
Twelve of the 14 were classified as high achievers and 2 as middle achievers.
Twenty two students were in the transitional stage between formal and concrete
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operational. Seven of the transitional students were high achievers and 15

were middle achievers. Of the remaining 25 students who tested concrete
operational, 6 were high achievers, 4 middle, and 15 were low achievers.

Only a 3.1 percent differenge was found between the means of concrete and

formal thinkers on the teacher-made tests. The difference was 19 percent on

experimental test items. The experimental test items discriminated betwden
high achieving formal and concrete operational students at the .05 level.

Teacher-made tests did not.

Interpretations

Piaget's theory was supported. Further, results suggest that teachers do

teach algorithms for type-problems. Students who do not understand the concepts

are able to meet teacher expectations by memorization of algorithms. Thus,

teachers may convince themselves that their students are achieving the
objectives defined by the course.

The question was raised as to whether the logic of the learner or the logic of
science (as presented in the new curricula) should be the basis for science

programs. The authors feel their results provide evidence that the gulf
between the developing logic of students and the logic of science is greater
than suspected when the post-Sputnik science programs were conceived. They

conclude that more emphasis must be placed on the logic of the child.

ABSTRACTOR'S ANALYSIS

Written Report

The written report adequately conveys the general intent, procedure, and

results of the investigation. Some changes, however, would improve the

readability and sharpness of the paper. The stated purpose, for example, is

rather vague. Inclusion of specific research questions or hypotheses would
focus the reader's attention on precisely what was to be investigated and give

clues to the adequacy of the research design.

Classification of students into achievement levels was not mentioned in the

statement of purpose. The abstractor, therefore, was not sure how the
achievement vatiable was to be used or if it was used properly. Vagueness of

the purpose also leaves the abstractor unable to comment specifically on the
appropriateness of the statistical analysis or presentation of results (tables,

etc).

Research Design and Validity

The validity and reliability of 'any study can be no better than the
instrumentation used or the basic assumptions underlying the research design.
The rod bending test used here was designed and validated by another researcher

whose work is cited. But how valid and reliable was the test? What means

were used to determine validity and reliability of the experimental items and

the teacher-made tests?.

The report suggests that two experimental items were adthinistered on each of

two occasions. How does that number (four) compare to the number of teacher-
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made items? Do four items adequately sample a student's ability to solve
problems requiring formal operational thought? And finally, how valid is the
assumption that attainment of the objectives of postt-Sputnik curricula,
specifically IPS, requires students to think formally? While I tend to agree,
I am not aware of a body of research which supports the assumption.

The design of this investigation does not permit generalization beyond the
sample studied. The sample is small and seems to have been one of convenience.
Sample size alone, however, is not the major concern. The same size sample
randomly drawn from a relatively large population involving different srhools,
teachers, and students would allow generalization to the total population.
Further, some of the dangers to validity Jad reliability would be minimizPd.

It should be noted that the investigators clearly recognized the hazards of
limited sampling and cautioned against drawing sweeping conclusions from their
study. The abstractor is also aware that, from a practical point of view,
there are many barriers to random,sampling from a large multi-school population.
The sample of convenience is often the best we can do in a given situation.
However, randomization remains one procedure which could strengthen the design
of most studies.

Related Research

The finding that less than one third of the students tested were at the formal
operational level is consistent with a relatively large body of research. To
pursue the topic of formal reasoning in more detail, the reader,might want to
examine the references and research rf. rted by Hale (1983), Karplus (1977),
Lawson (1982), Linn (1982), Piaget (1972), and Renner et al. (1976).

There has been much folklore about the failures of the post-Sputnik curriculum
projects. However, a good bit of published research on student performance in
those new programs shows a positive effect. A recent study by Shymasky et al.
(1982), for example, showed rather impressive gains by students using the new
curricula. The IPS students in this study were also successful, as measured
by teacher-made tests, in meeting the course objectives.

Contributions and Future Research

The major contribution of this study is not that its findings are consistent
with the related research presented above. Rather, its contribution lies in
the effort to determine why students appea to be successful,in the new science
despite their inability to perform the kind of thinking assumed to be required
for success.

Persons who have invested heavily (financially and/or emotionally) in the new
programs might find it hard to accept the findings and implications of this
investigation. However, my guess is that answers to some of the questions
posed would tell us a great deal about why students move through our science
programs, K-college, and yet so misunderstand the scientific enterprise as to
be illiterate in science.

The study raises extremely important questions about curriculum development.
It also suggests we have forgotten Bruner's (1960) advice that we should ,teach
in an intellectually honest form. Additional research is needed to corroborate
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the findings of this investigation and further examine science education
policy as it relates to the needs of students and society.
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Holliday, William G. "Selective Attentional Effects of Textbook Study Questions

on Student Learning in Science." Jouknal of Research in Science Teaching,
18 (4):283-289, 1981.

Descriptors--*Attention Control, *Biology, *Diagrams, High School
Students, Models, Pictorial Stimuli, Science Education, Science
Instruction, Secondary Education, *Secondary School Science, Visual
Aids

Expanded abstract and analysis prepared especially for I.S.E. by Edmund A.
Marek, The University of Oklahoma

Purpose

The purpose of this research investigation was to test the hypothesis that an
adjunct population-question or a no-question treatment would independently be
more effective than a sample-question treatment on comprehension.
ComprebensLin was measured with an achievement test.

Rationale

Research investigating tte effectiveness of using questions as study aids has
been referred to as "mathemagenic" research. Mathemagenic research (Markle
and Capie, 1976, and Helliday, 1979) provides evidence of some effect on
achievement by using questions as study aids. Furthermore, research by Anderson
(1970) and W4ttrock and Lumsdaine (1977) suggests that partial-question sets
and complete-question sets may have different effects on achievement when
compared to a no-question control group. The critical review by Wilson and
Koran. (1976) of mathemagenic research is one of the few attempts to examine how
learners react to questioas as study aids. The research abstracted here
utilizes the previous work and conditionally generalizes to textbook study
questions as they affect learning of a science flow diagram.

Research Design and Procedure

The sample consisted of 176 high school biology students, ranging in age from
14 to 16 years, enrolled in two Calgary (Alberta, Canada) public schools.
Students were randomly assigned to one of four groups, three treatLInt groups
and a control group. The three treatment groups were provided with a picture-
word diagram describing biogeochemical cycles. One treatment group, the
population-question group, received the diagram and twenty textbook study
questions. The,sample-question group received the same diagram and five
textbook study questions. The no-question group received just the diagram and
the control group received the science content presented iv prose passage
tom.

The diagram -- colored, picture-word, stylized line drawings -- presented the
oxygen, carbon dioxide, nitrogen and water cycles. The study questions
developed for this research covered all critical information associated with a
given concept displayed in the diagram. A complete description of the diagram
cycles and the study questions Can be found in this article. Students were
inttructed to self-pace themselves in learning the presented material. They
were encouraged to take plenty of learning time. Ail of the students were
tested at the same time with "a 30-question multiple-choice test containing
only words."



A post test-only equivalent-.group design measured comprehension with an
achievement test. This instrument covered the same diagram content of the 20
study questions, although it contained no diagrams, and was based on content
synthesis of two more of the study questions.

. Findings

of variance of the four group scores from the post test were
significant at p4!0.05. The Student Newman-Keuls multiple range procedure
supporti all hypothesized group orderings (1)40.05): population-question and
no-question, sample question, and control. Internal consistency or reliability
usingCronbach's alpha was 0.83 for the achievement test.

Interpretations

Encouraging or aiding students with selectively focusing their attention on a
sample of criterial content can result in reduced comprehension of such-
specialized instructional materials as flow diagrams. The selective attention
model of this study also predicts a similar inhibitory learning effect occurs
when prose passage is uied to present flow diagrams. The results of this
study show that students, provided with a complete study aid (population-
question treatment) or no study aid (no-question treatment) while covering
science content in a flow diagram, can achieve greater comprehension than
students provided with a partial study aid (sample-question treatment).
Instructional systems aimed at focusing learners' attention on a sample of the
criterial content can reduce comprehension or learning effectiveness.

From this.research investigation Holliday concludes that this selective
attentidu mddel is a simple and reliable basis for evaluating lekning
hypotheses in science education, yet it is seldom used.

ABSTRACTOR'S ANALYSIS

The textbook 'Is the common denominator of science programs in this country and
perhaps throughout the world. Research of textbook usage, including reading
chapters and answering study questions, would seem to be a logical and important
research effort. Mathemagenic research is an example of a matrix of research
resulting from a vigorous quest into textbook usage as the focus of sciende
programs. In this regard the research abstracted here has contributed to
science education because the research investigation offers data about a
technique frequently dominating science programs. That technique is the
utilization of textbook study questions as study aids.

The researcher designed an investigation to analyze the effectiveness of using
study questions to assist students with learning selected science context --
biogeochemical cycles presented,in a flow chart. The merit of the selection
of this research problem comes from the frequency of the practice of using
textbook study questions to facilitate learning. The abstractor offers
alternative or additional foci when investigating comprehension in science:
the nature of science and the cognitive developmental level of the learner.

Dr. Duane Roller, a historian of science, defines science as the quest for
knowledge, not the knowledge. Science involves more than the scientific
information; science is the acquisition of the scientific information. The
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acquisition process includes more than readinvabout scientific precepts,
discoveries and technological advances. Science is measuring, observing,
experimenting, model building, interpreting, predicting. Research in science
education should presuppc--. this dimension of science.

Perhaps research in science education should treat the textbook as a
supplementary component of the science classroom and not the primary component.
Therefore, extensive research matricies, such as mathemagenic research, will
assume a secondary status and science education research will deal with the
discipline of science as science and not reading. The abstractor's analysis
is not suggesting that the research defined science as only reading.

This research project investigated the learning of biogeochemical cycles
ordinarily taught to the tenth-grade students in two Calgary (Canada) public
schools. A mismatch exists with the content and the ability of.the learner to
assimilate the content. Shayer and Adey (1981) classified biogeochemical
cycles as early formal operational (3A). The results of the Holliday
investigation may be affected by this mismatch'if the students of the study
(14-16 year olds) are not early formal operational. Mathemagenic research
must consider this mismatch if empirical evaluations of printed materials and
teacher questioning behaviors are to continue.

The research design, statistical analyses and written report were well organized
and succinctly reported. However, a sutgestion for improvement is offered for
the bibliographic references. Numerous inconsistencies exist in the references
of this manuscript published in the Journal of Research in Science Teaching.
One article is cited with quotations while the remaining are cited without
quotations. Journals and books are referenced with all lower case letters,
except, of course, the first word of the title, for some citatiOns and not fdr
others. The research by Anderson (1970) cited in the introductien of the
journal article is not included in the references or else the date is
inaccufately recorded.
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toulanger, David F. "Ability 'and Science Learning; A Quantitative Synthesis."

Journal of Research in Science Teaching, 18(2):113-121, 1981.
Descriptors--*Ability; *Achievement Rating; *Correlation; Elementary
School Science; Elementary Secondary Education; *Learning; Science
Education; *Secondary School Science

Expanded abstract and analysis prepared especially for I.S.E. by David L.
Dunlop, Univerdity of Pittsburgh at Johnstown.

Purpose ;

\

The purpose of this article was to review, analyze, and synthesize published'
studies relating ability measures to science learning measures in order tO
establish the best estimates of such correlations under various st.idy
conditions. No explicit hypotheses were being tested; however, a general
question, "What influence does one's ability have on his/her learning of
science?", was summarized and discussed.

Rationale

The rationale for.this study is based upon the author's belief that the uniqUe'
features of science instruction such as laboratories, the use of quantitaitive
skills, and the cumulative nature of the subject matter suggest that estimates
of correlations of the constructs with general learning outcomes may not be
accurate for science learning. Furthermore, Yager (1978) has identified
broadly based reviews which draw on general education research as a national
need providing that they inform and augment science education research.

Research Design and Procedure

A search of published ttrat.ure in science education encompassing the period
of 1963-1978 was conducted to identify studies which reported a correlation
between ability and learning. The search was further limited to studies
conducted with subjects in grades 6-12. Ability was defined as any cognitive
measure that predicts science learning, and studies including ability measure
as blocking variables or as covariates in ANOVA were excluded, unless a zero-
order correlation was reported between ability and outcoml measures.

\ The search resulted in the identification of 34 studies which, collectively,
' contained 207 raw correlations. To insure the independence pf each correlation

\

in a given' ability-outcome cell, each study's median correlation for a given
cell was computed, reducing to 67 the number of correlations used in the

\ analysis.

illassembled studies were numerically coded according to approximately 40
variables, and an independent check by a second researcher of the reliability
of Fodieg revealed about 90 percent agreement. The coding process yielded
three ability categories and four learning outcome categories, forming a 3 X 4
outcome matrix. The three ability categories were general ability, prior
achievement, and quantitative-spacial reasoning. The four outcome categories
were factual, product, process, and attitudinal learning.
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An overall ability-attitude mean correlation was calculated from five of the
correlations which related ability to attitudes. Becauie of the small number
of correlations, no further analysis of the ability-attitude relationihip was
attempted.

The three cognitive outcomes were analyzed together and were represented by 62
median correlations. A two-way analysis of variance was conducted to determine
if the differences among ability categories were attributable to chance. The

62 median correlations were combined across all cells for the best overall
estimate of the abilitrcognitive outcome correlation, and an analysis of the
influence of other variables such as sample size, subject matter, and study
design was conducted on the entire 62-correlation data set.

To determine if any study variables systematically biased the reported ability-
outcome correlations, the values of study variables were dichotomized into
approximately equal subgroups and the t-test was applied to compare each
resulting subgroup pair. In addition, correlations of continuous study
variables with associated ability-cognitive outcome correlations were computed.

Findings-

The overall ability-attitude mean correlation was reported to be .17 with a
standard deviation of .07. Since there were only five raw correlations in
this category, no additional analysis vas conducted on this sub-group. ,

Correlations between the ability measures (general ability, prior achievement,
and quantitative-spatial) and the outcome measures (factual, produA, and
process) were presented. No correlations existed betwee'n quantitative-spatial
and process outcomes; hence, that cell was empty. The range of the mean
ability-outcome correlations across the eight remaining cells was .41 to .53.

A two:way analysis of variance was conducted to determine if the differences
among categories were attributable to chance. Main effects (ability: F =.46,
p = .64; Outcome: F = .38, p = .69) and interactions (F = .11, p = .95) were
non-significant. When the 62 correlations across all cells were combined,
the best overall estimate of the mean ability-cognitive outcome correlation
was .48 with a standard deviation of .15.

A t-test was used to compare the two subgroups resulting from the dichotomizing
of the study variables. Only one difference (reliability af outcome measure)
was significant at the p .05 level.

Correlations of continuous study variables.with associated ability-cognitive
outcomes resulted in only one significant (p .05) correlation, and that W'as
the reliability of the outcome measure.

Interpretations

The tenet that ability and past learning are among the best predictors of
future learning, well established among educational researchers and
practitioners. However, it is not totally clear how this tenet applies to
specific situations with varying subject coLtent and study conditions. The
estimates developed in this study should provide the researcher in science
education with a guide for estimating the influence of ability on science
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learning in an untested population, as well as a norm for comparing new
findings on the extent to which various-factors influence learning.

The summaries provided by this study highlight the fact that measured ability,
on average, does not account for a great amount of variance in science learning.
Specifically, the five ability-attithde outcome correlations gave a mean of .27
with a standard deviation of .07, while the 62 ability-cognitive outcome
correlations had a mean of .48 with a standard deviation of .15. Although
ability predicts cognitive outcomes better than attitudinal outcomes, neither
accounts for a major portion of the variance:

Several other factors such as student motivation, quality and quantity of
instruction, home environment, etc. are known to affect learning. As improved
estimates of the effects of these other factors on science learning become
available, science education research and teaching practice can be diIected at
optimizing those influences most potent in improving science learning, keeping
the less manipulative ability factor in proper perspective.

ABSTRACTOR'S ANALYSIS

This study reviews the correlational data concerning ability and the learning
of science, and it is important for at least two reasons. First, it demonstrates
that, on average, ability accounts for approximately 23 percent of the variance
in science learning. This leaves a significant amount of uncertainty in the
prediction of science learning and should stimulate additional research.
Second, there is a great need to periodically review, analyze, and synthesize
the published data in a given discipline or line of research.

Although generally well done, the article was unclear as to the rationale for
dichotomizing the values of the dtudy variables into equal subgroups. This
presumably means an equal number of correlations; however, one could assume an
equal number of students. In either case, what is the rationale for an equal
number? The criteria for selecting cut-off points should be defined and have
a rationale which relates to the characteristics of the given subgroup. A
"top half" versus a "bottom half" comparison may result in different findings
than a "top third" versus "bottom two-thirds" comparison.

Another point of minor confusion relates to the aUthor's point concerning the
relationship between science learning and learniag in a broader context. The
author states that the unique features of science instruction suggest that
estimates of correlations of the constructs with general learning outcomes may
not be accurate for science learning. Although this may be true, nc evidence
was presented in the article tk) support or refute this point.

The correlations reported in this study are similar to several correlations
between IQ and academic achievement as summarizeu by Jensen (1981). The range
of correlations listed by Jensen is .30-.84. He states that the validity of
IQ for predicting academic achievement decreases at higher levels of schooling.
A typical range for elementary school children would be .60-.70, while a typical
range for graduate school students would be .30-.40.

In an investigation of this type where several different sets of data are
b.,4ng synthesized, it is very important that the constructs of each study are
clearly identified and properly categorized and/or grouped. This appears to



have been done in this case. For example, a working definition of ability was
established, and all studies were numerically coded according to a specified
list of variables. Further, an independent cheek of the coding was conducted

by a second researcher.

When attempting to predict an outcome, you must first segregate the relevant
variables; however, the variables involved in a given learning =Situation are

very difficult to identify. In fact, we do not know how many are involved nor
to what degree they are important. One approach would be to identify a single
variable and examine its effects in detail. To an extent this is the approach
taken in this study which has focused on student ability as a relevant variable
in the learning process. Although several other variables are mentioned,
additional factors need to be considered before we can state with an acceptable
degree of certainty that ability accounts for an average of 23 percent of the
variance in science learning. (Although this may be true for the studies
reviewed in this article.) For example, concrete and formal students, as
defined by Piaget (1958), may respond differently in a specific learning
environment. If this variable (level of cognitive growth) is not considered,
the results of the study could be skewed in an undetermined manner. DeCecco
(1968) identifies several temporary states of the learner as still another set
of variables which could have an effect on learning. These would include
conditions such as fatigue, habituation, or drugs. Again, these factors would
be very difficult to control in an actual experiment, but could significantly
impact the results of the study. Dunlop and Fazio (1976, 1977) have identified
student preferdnce as an important variable in the manner in which students
choose to solve problems. It is likely that this same variable is imi,ortant
in,the learning process as well.

Jensen (1981) reviewed the literature on the relationship between learning and
IQ and listed several generalizations which could be of interest to the
researcher interested in the factors which govern learning. His list included
the following conditions which increased the correlation between learning and
IQ:

1. When learning is intentional
2. When the material to be learned is hierarchical
3. When the material to be learned is meaningful
4. When the learning task permits transfer of knowledge
5. When learning is insightful
6. When the material to be learned is of moderate difficulty and

complexity
7. When the amount of time for.learning a given amount of material is

fixed for all students
8. When the learning material is age-related
9. When the learners are at an early sta00 of learning something new

It remains for an ambitious researcher (or coordinated team of researchers) to
make an exhaustive analysis of the different "types" of :;cience learning and
then to identify and evaluate the impact of all relevant variables. In the
meantime, studies such as this one must continue to stimulate new research and
add to the existing body of knowledge through careful review, analysis, and
synthesis of published reports.
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Boulanger, F. David and Barbara K. Kremer. "Age and Developmental Levels as

Antecedents of Science Learning." Journal of Research in Science Teaching,

18(4) :371-384, 1981.
Descriptors--*Academic Achievement; *Cognitive Development; Elementary
School Science; Elementary-Secondary Education; *Predictor Variables;
Stience Education; *Secondary,School Science

Expanded abstract and analysis prepared 'especially for I.S.E. 'by Rosemary K.
Lund Padilla, University of Georgia

Purpose

The purpose of this investigation was to quantitatively synthesize studies
conducted between 1963 through 1978 whicb xelated age (or grade) and
developmental level to science learning among 6th through 12th grade students.

Rationale

Over the past 20 years the developmental perspective has stongly influenced
investigations in science education. In particular, Piagetian-based studies
relating level of cognitive development and age to various aspects of science
achievement were common. However, the strength of the relationship between
age and/or developmental level and science achievement was often assumed.
This assumption was often based on qualitative analyses provided by various
articles and publications such as the annual Summary of Research in Science
Education. Even excellent qualitative analyses typically described only
possible inter-relationships among the various findings of independent
investigations. Until the present study, no quantitative synthesis of the
findings of related investigations was attempted. A quantitative synthesis
has the advantage over qualitative analyses of being more objective. With
this objectivity it is possible to combine and compare findings relating
different independent variables, such as age or developmental level to a
common dependent variable, such as science achievement.

Research Design and Procedure

The quantitative synthesis used was that advocated by Glass (1978) which is
commonly referred to,in the literature asmeta-analysis. The separate
investigation results of interec-t were either correlations or effect sizes.

When two grade levels, or two age levels, were compared. Boulanger and Kremer
calculated an effect size (ES) using one of two formulas:

ES = XH-XL or ES = t 1 + 1
S
H

nH nL

where

XH and XT are the dependent variable means of the higher and lower grades,
reselectively;

S His the standard deviation of the higher grade scores
it s the t-test statistic

n is the group sizes



1

The liteiature search, covering 1963 through 1978, included:

1
1. all ERIC annual reviews of science education research;

2. a 4nual search of the 1963-1978 volumes of Journal of Research in
Science Tedching and Science Education, and;

i

3. a cOmputer search of Dissertation Abstracts and Social Sciences
Citation Index.

i

1
.

Two kinds of grade 6-12 investigations in science education were sought:
1) those thatireported a correlation of age, grade or developmental level to

i

some measure of science achievement and/or 2) those that reported measures of
developmentaltlevel or science achievement at two different grade levels such
that an effect size (ES) could be calculated. Twenty-seven investigations
were selected.

Boulanger and Kremer defined developmental level as "any measure of Piagetian
stage or related logical operation . . . or other measure validated against
Piagetian theory." Cognitive achievement was defined as "any measure of factual
and/or conceptual learning of science content." Science process learning "was
restricted to scores on the Science Process Inventory (Welch and Pella, 1968)."

The 27 selected investigations were numerically coded (with 90% inter-rater
agreement) according to the following variables: "1) type, source, an,
reliability of independent and dependent measures; 2) grade level, ability
level, and science subject; 3) ethnic, urban-rural, SES character of the
community; 3) study design, methodological flaws, and unit of analysis; and
4) reported correlations or calculated effect sizes."

Findings

Of the 27 studies selected, 7 correlated developmental level with cognitive
achievement. Mean correlations rise from 0.28 in grade seven to 0.63 in grade
9, and fall to 0.32 in grade 12. The grand mean is 0.40 (S.D. = 0.14). Of

the 27 studies selected, 6 correlated age or grade with developmental level or
cognitive achievement. The correlations reported range from 0.00 when based
only on the ages of grade 11 science students to 0.57 when based on the ages
of grade 4-9 students. Of the 27 studies selected, 15 reported grade level
comparisons of developmental level, cognitive achievement and science processes.
Effect sizes were calculated from these 4-5,:aJe level comparisons. The effect
size increases an average of 0.36 each year for developmental level, 0.28 for
cognitive achievement, and 0.43 for science process learning. Boulanger and
Kremer note that "expressed in percentiles, the (annual) increments indicate
the . . . advance of the mean class scores each year from the previous year's
50 percentile point." "Average yearly percentile increases are 14 points for
developmental level, 11 points for cognitive achievement, and 17 points for
science proceis learning,"

Interpretations

The reported coLrelations of age or grade with developmental level range from
0.00 to 0.57. This result emphasizes "the inappropriateness of strongly
relating age or grade with levels of intellectual development. . ." Within



class variation might be greater than between class variation. The authors
state that age or grade are thus poor predictors of intellectual development
or ability. Boulanger and Kremer strengthen this point by comparing the grand
mean correlation of developmental level and cognitive achievement (.40)to the
mean correlation of ability measures with cognitive achievement (.48) founu in
a previous meta-analysis (Boulanger, 1980b). They lound the .48 correlation
to be significantly higher (p 0.01) than the .40 correlation.

In addition Boulanger and Kremer examined the possibility of systematic
influences of several factors across studies. Among these factors were the
reported reliabilities of the outcome measures and the threats to validity due
to study design, such as convenience sampling, and use of cross sectional data."

Finally, the effects of training on science achievement (Boulanger, 1980b) are
related to the annual mean percentile gain in developmental level. The annual
mean percentile gain was 14 percentile points without training at the grade
4r9 interval contrasted with a 30 percentAle point gain with training.
Boulanger and Kremer conclude that "studies strongly suggest the annual . . .

(percentile point) . . . increments in such developmentally related tracts . .

can be increased with appropriate instruction."

ABSTRACTOR' S ANALYSIS

Examination of the nature of the relationship of age and developmental level
with science achievement has been the focus of much research in science
education. Does developmental level influence what a middle school age student
can learn? Is the science curriculum at this age level written for a student
only capable of formal operations? What happens to the student not
developmentally "ready" who is still only capable of concrete operations? The
present study provides some important clues to answer the above questions.
Indeed, the authors rightly note that all of their findings and interpretations
should be considered as "hypoth,e.ses" for further investigation.

The major importance of this study lies in its use of the technique called
meta-analysis. By objectively synthesizing the results of previous studies,
the authors used a broad data base with the statistical power to provide a
unique perspective to the controversy surrounding the search for the "best
predictor" of science achievement: age developmental level or student ability.

Before commenting on specific findings of this study, a brief commentary
on the meta-analysis technique seems in order. Meta-analysis, or simply
an analysis of analyses, was developed by Glass (1978) as a statistical method
to integrate results from independent studies. Two techniques of meta-analyses
include calculation of treatment "effect size" and calculation of mean
correlation values. The former is generally found in experimental studies
examining tilt- effect of a treatment, whereas the latter is found in correlational
studies. All of the research design and statistical problems inherent in such
studies, e.g., sampling problems, restriction of range, etc., are present in
meta-analyses. However, because of the much larger numbers of subjects involved
in meta-analyses, the resultant findings can be considered more robust than
findings generated by single studies. Glass notes that many weak studies can
add up to a strong conclusion (Glass, 1978, p. 104).
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Boulanger and Kremer's application of meta-analysis is generally sound. Their
search for studies, however, might be lightly criticized for covering only

1963-1978: the more years spanned; the better. They might also be criticized

for only reviewing the individual volumes of The Journal of Research in Science

Teaching and Science Education. Surely additional journals, such as the
American Educational Research Journal, the Educational Researcher, or the
American Psychologist might have been helpful. Their inclusion of a search

through Dissertation Abstracts and Social Sciences Citation Index is commendable
in light of recently reported contradictory findings between published and
unpublished research (Smith, 1980a).

A major finding of this meta-analysis: that measures of student ability were

better predictors of science achievement than were developmental measures
requires some comment. The grand mean correlation of ability with science
achievement from a previous study (Boulanger 1980a) was .48 (S.D. 0.15). In

contrast, the grand mean correlation of developmental with science achievement

in the present study was .40 (S.D. 0.14). Although the authors note that they

found a significant difference (p 0.01) between these two grand mean
correlations, in fact the ability measure still only accounts for 23% of the

variability in science achievement. Thus, 77% of the variability is still
unaccounted for, and the search for a "best" predictor of science achievement

must continue. Boulanger and Kremer did not note this point outright. but
tacitly acknowledge it in their concluding remarks in which they stace "in
order to sort out the unique contribution of each kind of measure (i.e.
developmental versus ability) . . . to the prediction of science learning both

. . (kinds) . . . should be administered and later related to . . .

achievement and developmental growth." They further note the need for

longitudinal studies.

Another Iinding of this study: that developmental level and cognitive
acIdevement are each linearly related to grade level and gradually increase

across grades 4-9 is at times unclear. Although the authors provided very
helpful figural representations of these relationships, this reviewer at times
laat sight of this important finding due to the authors' lack of clarity.
Inclusion of the calcuiaLion methods to arrive at incremental effect sizes
might better have been in a note,rather than in the body of the paper.
Notwithstanding, the linear relationship of annual developmental effect size
increments across grades 4-9 is an important empirical validation of Piagetian

developmental theory. Perhaps the authros could have expanded this, commenting

more specifically on the transition phase between concrete and formal operation

characterized by this age student.

The finding that the "correlations of age or grade with developmental level
. . . emphasize the inappropriateness of strongly associating age or grade
levels with intellectual development or ability to use logical operations"

deserves comment. "Intellectual development" may be an overstatement here.
Only Piagetian-relatO measures of intellectual development were sampled in
this study. Other means of evaluating "intellectual development" might indeed
by related to age or grade level.

In summary, this study adds a significant perspective to the literature
surrounding the relationship of age and developmental level to science

achievement. It also adds significantly to the empir;.cal search for the

"best" predictors of science achievement. The use of the research technique
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called meta-analysis is indeed the strength of this study. In this gein the
only methodological imperfections stem from restricting the years included and
the limitation of journals sampled. The major finding that ability is a
better predictor than developmental level of science achievement nee& to be
viewed in light of the amount of variability (77%) in science-achievement
still unaccounted for. Lastly, all investigators of the relationship of
science achievement to ability or to developmental level need to consider this
study in planning future investigations. A concerted attempt to collect both
ability and developmental data will add significantly to future synthesis
attempts to sort out each measure's unique contribution to science achievement.
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